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Ju>3 



^Jj"^"" 1 "' "J Ju^lIU 4_UJ^H^3lJ|j 4_Uj^^3 (j_u-<_u ! 



^ m 








(^yic ajjLUI 4-JjjJ.I 4-iiLjJI jjlj^aJI (JjjkLl! (^,1^1.1 1-jJjJlIIIj (jyJ-flJI p-il*lL? LaLtll 4 iriiiiji,! ^ 1 1 n" 



CjL^>.jILU A^e_uJ aLaTufczl IJlA ^LlJ 4 jj-a-*-!! JJ|j-<-u 4r 2^^1'J.I 4ji^t,lj 4_lLL!Ij 'UlLSIlI! L-ajUajJI J-i-iIi 
<JJ>jlj-a (_ylc Ljj'i J-aTiAJ (J aL^SLLa (j-^J - i ^ >1 ^l J^* 1 - 1 4^ p-*-" ^_ < 1 1 .aj (_jjJ! ^jla^JI I Jl4> ioL9 (jjJ ^j-* 3 S JuJ . nil 
(jjju J 1 <aj 1 <i_£jj3_lLJI aJlSHII 4 Lg&£ j*-^ Ar L ^ J 'J a" ' u *l <_>>-l (j-* (1)"-*^ »'j («-l-*JL) tt 1 i all 4_)Lufu isjJ9 Lr^-J 

.LuiLu-a 4LajJilI,l JjjJI >_al <^i t, JLG 4JL1I 

«La JlSHJL I 'uJ^jJI (_ijL%l]l *_a (j fljj 4_uL>ijj aaiaji tc_aLLI! ^j^U'ia p^.p .^.".t 4_aL*J! Sjljj! 1 " 1 La -^ JiJ9j 
4jI ua_uaj>o a'al^-. » J_4jl]I ,_3j_i_u d)l JLIalLa j^aUo 4jjJl>- 4.LaJLg, L_<_JL_ul Jj^j ' ij-Uj JlJ I Tcal^dl s.l_L) A_ 
«J_l£=jJI (JiU-i i^jJI A-iiLajJI 4-il^.U j-uLiil jIJlC.1 pjj-iiuJ £_ fljIaJJI oJJt, CcITloj Jj9j < d"l ,IU", ^ ^.JlLl 
tjj) 1 11 JIL4-I ^ La ia> ■ (jL><J Q^~~ ' '"'"' (jr^- L^"- 1 4r J- u '-*-^' -J*-*^*^ ^j < 4_ujj JlJ I ?c_al^JI *LL) A_ 4_u_uL_ujl 
(_£Jl!I ^La-til J-^I^II *-a 4_LaJLtII 4jJjJI Jj^ljjj ^.,-ljvj ^^i^il <_<JjJi2jlj 'intl p-lUTlU 4laL«JI 4 mmjJLlj J-a-til 
j '^— >| ^—ljjJlj py-aljjjj *> I aL^au a ajJa-ij AjL^III ^_ (jLitill <>Ju4> r-j^ejJ t^a-tJI 3j-" '** '^'-^" l " 4jisj^3 

.'i_U_uL_o J I d'il ilU", a ( _^lL>iJ 2— 4_UL^Ij J '^— >| a i (JjJJlII (jj I 11 \ 1 al ,^.",tl 

^j-^ i^»-»-"i'l 

j^l «dJI jj^a (J^aG 4_ljjjJJ1II 4_i T uL>JI tfjub tiLijLj jj 11 - 1 ,* '■^■" (jr^J p-ALul j_ijlajj p j -1 LaHl LaL«JI 3jl J^flj 
1 LLajtHll j^ys jJaj 1 La 1 •■ ■" (_)_aJLu/ Li i Laj^UI 4jj_ajjJaJI CjljL^il (Jjj-is G £— jSliljua J^— > ■"■ ) p j ■ ■■" jjl (J^-J 

.CjIjL^JLI tfjak i—)L ■■"^— I ^ jj p^ (<uiJlJ (_jjJI (JL^auii VIj CjI S-uIal!lj 4jU"i 1 nVLij 

c_i-Lre.a i> jqi 11 4Jl (ijL-is^jj 4-uvj LX I j * a ^j ' Luali ■ all a LkjIjLcl (_yic (j-LajL2JI (^J- 1 u' (jG-u-i ^JLIIj 



x^lill jjjlajj p J 1 i -V< t a^sLaJI BjI^VI 







j^^jj/jI jJ 4 1 1 nitLl <U^sL>JI 4 «J Ja-JI CjI j 4^1^11 -i'jJU £y* 4_ujp^=3i]Jj 4 j 'j j ^— > 4_i_L2jj jj^ijj/I ioLa j_lL*j 
2jjj_iis Cct-LLal 4_Uj^^=JI d)l ^-»j *-t ,| 4JLi.loj (JjJLiliJJ s-l-ilj ' i ^^~*j" 4^jjl^2 I ^^^^~'"'^'J ^>P^' (^J^- 
4_ujp.£==>J ^t j—usLutJI CJli <Lu_L>Jt p^~~ LSeUll ' - ' I j * 23 2— xjij 1 ntl jjU".1I *->aj ' ^JJ^"" 1 " 1 ^ 3 -J^^lJI ^J-o] 4_»JLa 
(JjJLiliJ « -Jali 1 ■■' (_ 7 -Ib>- j-uzYlxl\ i-iUj CjI j 1 uL-uLl l_aJLa (Jj_^=lJ ^jl 1 d Jjjj' : ~~'~ J ^L)-£^' Lt^ -3 Lr-^ 1 '- a 'j-^ ye-n^a) 
i—ll "^— tl | Jl-i4> £- Cjl_Jjp^=J^Mj »l ;j J^-—^ CjIj iiiL-uI ( _p3j_C pj I JlJ -4-j*.j J 1^-— I (jr-Lc 4_jI Juta 4JL-loj 

JiU^l>J I ^3L-LlL^3L-Ul 4 ilUI ^JL>m ljufc ^_ d Uj , ,, ill 4_LaJjU I 4_LoL>JI *_« I. I I IlLZjj 4_3ejis I JJ 4 U . ,, I a A aijUl 

t^yjfc CjIjlvj *-jj| (j-a L-lLl^aJ! QJ^~i*ij 

CjULsJklj '**" A",^-. 1 1 j CjLajlJLiU Ua i " i a Liisj^l L^-La (JjVI ji'^"" t {jt±LOL& {_ys Jj^i' »Jl>-jJI ^j^-*""' 
CjULulajj J^p-llj jo" uAS jLlLJI ^j1_l>3 (,-Lc t_gjJlre-L3 j-jLjJI J LtaAJl Lai .LgjLal Jl^t" i »Ij L^JL '-^j" (jj-^J 
4_Uj^^=JI 4 j i njVil_Lm ^£.}Lj.a i £ U j ^~J a J iL»_I, I J 4-La i ojJI 4_uj^^=JI jjIjJlJI (jr-Ll ' ^J vj) '^~~*J <*J1 (JL*^^ 

.4_uj^^=JI CjL^=j^>J,Ij Cj^?jj»J,I J <\r 4jljjI3 p j^ <Laj}L!l 

4_aii_)l ^_ 4_uj^^=JI CjZj^sJkl I j* a (Jj^i' (J i^aAJI ^j -i > Vn < 1 .>. J ^j* I . ^<* ^a 4_uLlII «Jlj>-jJI ,jj^~" '"'"j 
4_Uj^^=JI d)l ^-»j jJLI f'j-ll 4 al^-. t ^j>>^A" . .. ^ 7-j—uj (jr-1^- Ly 1 '— "' J LaAJI j ^— >j ' Lq-Li-i cJlJj^aLlIlj JlJ_jjjJI 

.lJi^u^slIIIj Ju^jTlII (Jl-3e-a 4r ^-aJ^~" ' "U 

(_pa_*jj Cj^l_i-i5jJLI gl I i"i 2 L^La (JjV I (J i^sAtl ^3j_«Iu Jia ^^ 4_J^G ^j_a 4 ''J^- 1 l a 4JlIlLII 2 Jlj>-jJI l_al 
i 4 Jl *j_ JaJj jj"i i iij-iljUJI (J-a^l 4^t-uia (_yic (^LLlI (J uaAJI j^=^jj . JijjI jJI J-4>J 4 j i nLmVI Lkj^-aLlc CjLajjIaj 

4_ilojJ I cjLjSlIIj 4jljt Mi'tl ' ~ ' \j • ^— 1 1 (j^kj Lkjj^>Lic p-iblj 4JLal_^=ilU jjIjjJJ (_p3jjLlLia (.tJliiJI J "^ hl\ Lai 
555 o_SjJLlj 741 jj_^=J,I JJuj ^Ijiir" mVI ijuLii 4_j JUjl! I j_ ua LuJ I ^ ♦; rlj^J (jr-^jj Jl-Uj .CjIjIj^lIIj 






I juk 4- ^JUaJI A^p-LLlLi ajIjJ ^J^. t_JLkJI g-^aj ^p^ LM317 j 7805 J1oj-l«iIIj ojUJI Jl^>JI ol <Jalaj 

.JUJU 

i_£JlJ JlJjj-1 /- ^— , lQ ta-UI ?c j * U ^jJlrca p t^* a (_y-Ll 4_uLixLijJI 4_iJU_*JI CjLujJJLJI aJlSIL2 4_*_iIj_JI 2 Jl>-jJI Lai 

.f.1 aJI i_a-u^=i3j Jj^xlII (JLta A- 4-ajLJr" i aJj *^\j g^aul j-^Ll*Ju 

4 ^-jjj La 1 1 4_L»a-LtJI SjU.1 *_« 1. 1 i nLu-1 l_4_> J t^* {j ^— > (J-i»l j 4_!jJL>Jkl cjLLuJoTJI ^j-^* i p-ijJij {jrC-jj Jl2Jj 

.Jj^ J^= ^ jl^ t, i_JLLaJI p^a (jr JLi <jrjju 

(_jJLLaJI Jl-u2J Ja ■ ■■ j * J^— ifuJj 4_j_i_ul_Ll,l *_j»-IjJ,I (j-a i—ll "^— tl | j_4 '£_ 4_ujJL»JI lAX\ s-LajJl (jr-CJJ Jl^Jj 
jjJlI -1 Jj J^~-^ f^J-^ 1 '^- ' ".'"' J-^J SjL*i! (JJ _<-uLu2l i_3Jt-JI (j£. 1— Jl LaJI ■ 3j uaJ JiJ9 ;_£ jJI Jjrit'itl (j£. 1 JL-t4t-J 

. L^-i £m .^. ,^.-»-" 1 1 

l_4^iJL>. jj ^— » ' (jl j^>-j_i (_£JlJI a—iisljjjj > j-*-" I JljJi l_La J ■ *" ) (jl ,J L*3 4JL1I (J I ml 'j^>-l (j "jtj lj_t>-lj 

p^L ^" , ,, a a fiJbj^Jo Ls. A_ p j»^ ' ' La 4_i3 IjJljso (jlj Lb^LLs i>_La^>- 4jLdJ pju (jlj p_^ ^-»tl 4_£>.jJ 

.£rUL*JI ujj 4±1 Jia^JI j? LJl_o£.J> jj-lj 




.^ irT>p II 1 1 1) n i llrj -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 



auSUIj Jujull 2biJj>£l jj 4dU^S jtw I 



4_AJj^^= d)Llj_uL_ol 







.4 ji rnViLLt.Uj 4 J 'j j ^— » 1 1 jjljjJI CjLluLuI lLi_ij ■■ ■" jSjl 



.4_uj^^=l!1 jjIjjJLI 4_u_ u L_ u ^I olj^ai,! ^^ i_3jjLL!I - \ 

Lq-^i-U j^J aHJl a j <£t mil jLlLJIj JJ^llI jLp-I' (j-« (J^ 3 Q* '^^ JljJuso ~ T 

<ia-Li gjJI XjJj J^-— !l j^ljjJI (jyic (»jl 03^^ Jj^.'^"' ~~ ^ 

' aJ a ^_ fyji j^~~* J4H J3J mJ ° O^- (V"' - ^' l? ' "^"LutX! (JLsJkl /^ys]^- JtjJuso - "I 

.2^_)ljJ 4 J) rnlll_Lt.U 4_*jL*JJ (_ll ) rl~>- ~ V 

.(_yj^4^= ' ail /- i ujJal 1*11 QJa-LflJI 4.q_i3 j_iJlSj ~ A 
./■\ " i^c 2jl Jl^>JI <>Jui> (jLajJ 4 j i n'< (Jjjj "^ (j| - 



:'iJLtLJI JjUjJI 
jLi^=JI 4JL4J iL. Sj^v^JLl »j>.IjJLL SJUlmVI 






hi m 







■U-a-?^ 

Resistances uUjUth- >- ^ 

1 /i" A i lA 



_lLs a 



£>£. j^^ 3 ^ U-^= <4-Uj-4^=JI ajjljjl IL. jUI jLjIII 4-a-La IL. p^-»-"tl ^^ i.jj.uL^I 

'.^LlILi ALaTLA^I ( _ T JLi_u '"'1 aal 5X1 *_a J_aL*TiJI Jilcj . 4-l.Lt.a S^jlj: Jl^>. 4^j_>o 1 a 7i \j U 
aj| L^txaj (.ajl ^ * * * (_£!) ajl j L^3 1>-^J (MO , kfi) L^jLflg.1 L^aj (Q) AJ^I e J^OJ <LajL2-U <j-i/LdJ ~ ^ 

<LajL2Jtl 4JLa-ae!JJ (_£Jl!I ^ .^Vl jLuJI JjJljso LgJLjJa <j£. ^j^-— a >J (W) CjIjJLi 4 ajl (LaU ajjJiXI iijjJill - Y 

(i-i) i = Vp/r 

.(T2) ajVl CjIJl^-^j LajLHI R j (A) j-<J-al Cj|jL>._8J jLuJI J-A I J (W) CjIj CjI Jl^_oj ajjJLlI ^yjfc P vi»4». 

. 4_ajlJLa-LJ 4_JL^5 VI <La-t5JI ^j^i i_alj^>j^(l j\ jJLa j-ifcj CjjLflliJI - V 

oLajLiU £J_aJ? - f 
^j_a I A) ^ uilj .^Lajj i"i'\gj p_ul I flolg /q-llaJ aj.iAlLa CjLajlJLaj <GjLj CjLajlJLa J I CjLajL2J,l p i •■ 2 *" 

.CjLajLSJ,! tfjuk (_)iaJi ' ( ^ - W J^"* u< TciisjJj .4_uJl*JUj 4_u_aJ_^=J I (__£> /jja^auJI 4-iJi.U 




4_t£.uj j-uspJI <L5jjJa ^^LjJI (JjJu>JI (j^-J£J ■( a i^''- 1 L^jL^JJ ' j""i J a (J } > < '■"'" *4HJ-J 'jj-^J ^->"-J' CjLajlJLaJJj 







hi m 







JjVl o^l 




<^l ui^l 




dJLiJI ojM 




(CljliaJI) yljJI jjUl 





-^j-" 1 





_jj_^l 


0.01 x 


<^ 


±2% 


j-*^l 


1 


^ 


1 


cA> 


0.1 x 


Cjr^i 


±5% 


C*AJ 


2 


j^>») 


2 


j_^i 


1 X 


-^J-" 1 


±10% 


( _ r L^I 


3 


L?1^J-? 


3 


Cr 51 " 53 ^ 1 


10 x 


^ 


± 20 % 


L*pV 


4 


j^L-ol 


4 


j^L-al 


100 x 


J-4^l 






5 


^t 


5 


J ^l 


1000 x 


Cr 51 - 23 ^ 






6 


i3jj' 


6 


t3jji 


10,000 x 


j^L-al 






7 




7 




100,000 x 


^i 










8 


tfjLj 


8 


t^jUj 


1000,000 x 


Jb)f 






9 


L^^ 1 


9 


O^h 1 ' 











: ^LlIL^a (JjJl^JLi aj_^=Jdl (jlj-I ^1 («-J-2-I L*-j3 3 ajl 5JU lj-S3j 



R = 



JjVl ji^ui i^uS 



^liill tj^ill 4-^1 



dJUIl oj^' 4-*jJ3 



(jljIjJI jijill 4-^.tl) cjjLaill 



47 ± 5% kQ = 4 7 X 1000 R= 






hi m 







^j_a ^jl j i iiL-ut ^jLcjJ udl—Liiij .SjIj^kJI <*^>-jJ *— a jjL> J 1 '"-' •"■ ' I j"-V a J '«"'" (yj-ll tllLajLSJLI f'j-lt (j-a p_J-l (_y£> 
j^LIlIIj SjIj^kJI <*^>-jJ ajLjj-i 4 aal fli.1 (JJij ^^J (NTC) i_JL-u ajljj>- <*-»-jJ (J^aL*-a jj (Jj ^1 :< — J 'JJ~" " l *> t -"l 

.ajlj^>JI Aj>-jJ ajLjj_l AjsjL2J,I jl JJJ >-t^p> (PTC) i_^-jjJ ajlj->- ^>-J-i (J-aL*-a jj 

:(Jjl<3jJLI <LajlJLa - _». 

ajLa pjJ Lr^" *^°_9 "*i ' J^uu ' i^- 1 1 1 til i nil j '-^ a a-luj-i J-^JJ i Ml i nil (JjJa *-a "LajLaJU oJufc -i'-SJJ j-ij" i a a 
:(i2) AJ^I SJ^-^J IV Cj^L-ajJ.1 i-d}L-ul 4_ajULa (_il ma. <*-2jjJa ^rP^' 4J3^L»JI Tciisjja .LiULoJI 



R = p 



L 
A 



(1-2) 



*_LaJLa i>-Li^a (jr jk A < (m) jjJ,Li i'H mil Jj-la j-d> L ( flm a Jl^sj ajLaU 4_lCj_L!I 4_ajUUI ^Jt p tt*ar 

.Sj-Lg-iiJI (jjUX! (j a * j t A_ic.jiJI LajLH.1 (Y- \ ) ^yJllJ! Jjju>JI ltujj -(m 2 ) *_>jJ.I>UL> llU 



*JI 



p x10" 8 Q.m li£.^l\ Laj^il 


d±*X\ 


p x10" 8 Q.m LuijUl ^La^iil 


(jJuUI 


1.72 


j^yjLxj2\ 


2.75 


fi^J- ^' 


10.6 


cry>Lil 


1.62 


2 ,>.Atl 



(jjLadl (j ^ » j 1 A_tCjiJl LajLHI (Y- ^ ) JjJl»- 



l£U uJIpL^a lit .110 V J\ 220 V (j^^jja^-itl jLlUI Ju^ Jj-=*U ^jl5t"i , ,,j c^>^= J>=~> 

i aill I JljJi 4j3jl-La JL>-jLfl < 900 m <Ua]«j 0.3 mm »jU*a ^LstiJI <j-a Ji- JlII 1 ala 4- j*JLJr"i"iU 

:(1-2) 4j^Ui,l iL. (jJaj^trLlLij (Y- ^ ) JjJljJI ^ (j^iL&Ii! 4-uij-L!l LajLH.1 a^jS rlj^eli-mL 



219 Q1.72xl0" 8 x 



900 



' 0.3 ^ 2 



R = p- 



Vl000y 






hi m 







4_SM-«iI Lt_u (j l^-itt t j-».tl (. , itLJOJ CjLajLH.1 j-<_C fj->J <LLs ^ 'j g^aJI J g-aJI Lai CjLojUUI JMa- 

U T =U 1 +U 2 +U 3 (1-3) 

:<LuVI iS^Ltil Lvu (R eq ) ilaL^a-a «Ju»-lj 4 aal tLa_i (—JLpJI CjLajLiLa (J I J "i i ill ^j^-— i 'j 

(l-4)R eq =R 1+ R 2 +R 3 



i 


R l 


I 


R 2 


I 


*3 


I 


— ► 


I 


R 

eq 


I 




_| L 


H h 


I |_ 


o p 


n r 


w 


1 r 


w o 


o P 


t r 


w o 


U 1 


u 2 


U 3 


. U T . 




u T 





















: (^jljlJI (jic Jjjusjlt! - Y 

/jl] p j flj j /, l^aJI jLllII (j| lLj a. ^ jj t (_^J|j_IlII /- L diLajLail (Jj-usjj (V - l ) J^— i ■"■ (j-U_i 

jLuJI i. i i ii -».jj i I j l^— > (— )l ajl all (J^L>- dt-)Lj J-^S Jl^j>JI Lai LajLLa (_L^= 4r liL> ' "" ^-f^-J-^ t — ''jLu 

•.^L^^JI 



I = Il+I 2 +I 3 



(1-5) 



:<Lu2l 4Ja}L\U L\jj (Req) <HaL=La sJl»-Ij 4 aal Q-a-i ^jljjJI dsLajlJLa (Jl J j" i ul ^j^— <i «j 



1 1 



R 



eq 



R l R 2 R 3 



(1-6) 






hi m 









^c 


Ri 


h^ 




«aa 


i 

0— >- 


R e, 


I 

-»— o 


I 


V 


R, 

R 3 


1 , 


I 




h 


1 * 




U 




u 








*" 





(_£jljj]l (jlr cjLojL2J,I (Jjj^sjj ( 1 - l ) (J^ui 



.*> i iijJu 4_^Lxi> aJ.1 Cj La j 1 ^ 1 1 <Lcjj^j>J, dT"tl^-i 1 1 4 aal SJlI 



R,=100fi 



R 2 =200 Q . 



R 3 =500 n 



.Rl 2 ajl SJl| «_a ^IjjJI (JLc AJ-LalLa I n j". I . ^. je a j (_£j!jjJ! (JLc (jLU i -~*" a R3 j R2 (jLLaal SJlI 



o-WV- 



Ro 



R. 



R 2 R 3 



1 1 1 



eq1 R 2 +R 3 



Re q = Rl + R eq 1 



R eql R 2 R 3 



R 



eql 



R 2 R 3 

R 2 +R 3 



R 



200 x 500 



eql 



700 



142.8 Q 



R eq = Rj + R ! = 100 + 142.8 = 242.8 Q 



-eql 



Capacitors uU&l Y- >- ^ 






hi m 







JJjLII SjU! g^j 





| 










tj£-u Jula tj^j>*^J<r 




< iljLc ajLo 










| 





JjLc. 1 «i a )ii tlr^-^ 6-° ' fi'^—i « (t. - I ) J ^—i A 



-.-.U-.^^^lt 4juL1]| CjLdljieliuVI - I 



s M~U J' "'M i"il-i»^i )i|J* - 


2 ■ i j3' : "~"'" l ~ ^~\) "*■' ' J '• *■'" -r- ■ ■*■ * ~ 


<-uJljJl1II cjljLi^/l j-jIj^ ~ 


jLlLJI /a_L*-<J_a. (aJaii-i ^_ll_J.i - 



jljLaoJLiJIj ( jljLill jj-a jj-jla (j-a Jl^-Ij) (|iF) jIjLsjj^sljIIj (F) jIjLULi (j^LSltj • ^".^— tl d ■» , ,, - ^ 
.(-iljl-a 03^ iJLfc4* (>° J^'j) (pF) -sljLsa^aoAJIj (jljLoJI ^ o^t^ "-^ 6-° J^-'j) ( n F) 

.(V) cJj^JLi lJu^=lX! JJuful! (^y^a^Vl Jl^>JI jJbj jj%X\ Jl^->II - Y 

i tu^aJ.1 4ji Mil 4_JLa^l 4-a-LflJI £)£. i_alj^>j^?l jl jJLa jjfcj CjjLalll - V 

^j'^ * ' (O - ^ )J^~~ ' •"' 7 : — L ^3±3 ' S-uJjlXI a 4 jal ■v^~~'"j 4_l2jjJIj 4_Js^_>JI I Ibj $ ui] : '"'I flj^a I ) f-la-tl - <— i 

: l _ 7 -A (—^ll^slI!! jJL^txs A- 4-aJ-J''" ' "U <~il A",^-. 1 1 <i^jj ,".! i-il A",^-. 1 1 4JL& f-lj-il 

Cjl_p_S (J-a-reTLl 4_j| i>t._L>. Ja-CI j LJaJI <— >l ^— ij -»■" Jjt i*ii"t * J_) ^_ p a_Jul I J_ii> ajLc aJlJt" i njj .(JjLc ^J-'J »^s-»a 

.<LLaia (JjJL^UJ 

. 4"n i ii j '^~*J <LaAa» j i i a ) ^-LaTijj 



ojj-> j_lA^ yi j j 




Cjl n'i^-.U £ljM ^^u (0- \ ) J^^ 






hi m 







I fl-L^aJU L>-jJ (j-Se i"i< O-jLj j <i" i u a jl—u jJu^aj ■ a »^-»tl ^ul^jj _L_L*j3 . _i_i^Il_JLl jLlLJI j_jIj.} ^_ 4JL»£ ^>£. 
jl_CJI jjj I yjl g i a ■ < ^-» 1 1 -»■ . . ^ i J j j^e JoJI i a a j" * LfcJ—Ica jL^yUI * i i""n ■ la. 4 n^ ^— < 01 *-»■ ■". 1 

jj ^aj ' 4_JL2 jJijlLa jl_ u ji I L^a-c-i 1 a .^-ttl J_._^ojj 4_!L>- A. Lai . t-> 'i 3 L^_l3 s-Lij^^aJI (jjj—io 3 * 1 11 jl jj_j 
.ajjl jJI ^_ A_uj-4^=JI 4j3jLail (J-fl-C 1 *" ^— , 1 1 (J-q-t-i ^—ILlILij .1.1^111 jLlLJI <j ''-^ a j JtoJ Ij-La-i «L«jj^jj 4 Lse i"i 

Jj-ftlu^l jL^I JjljJ ^ ^IjlJI (_^i£. (JjLCSjlII - ^ 

(JJ) •V'tl 4 t i n (_pal ajol (1-7) <LkL*Jtl ^j_a i La a.^1 ij (^IjJlII (_ y lc '"" A"^-. 1 1 ( Jj_ 1 ^ 5 jj (*\- ^ ) J*—* ■"■ (j^l -1 



1 



C 



eq 









(1-7) 




jjjj-itlll 4jlj_u a jhj (1-8) 4_kmi (j-a i La >. ^ jj i ^jljlll (^yk <— )l A",^— 1 1 ( Jj_^ajj (V - ^ ) J^— ui (j"^ 



c e =c 1+ c 2+ c : 



(1-8) 



c, 




r"^ 




o — 


c 2 


c ., 

— o ► o — II — o 


HH 



(^jljlll (J \£- l2jLii^=J.I JjIr^JJ (V- I ) J^^ iSl 







A>pXl jLpJI .plj-S 4- Oi n*!^ II - -> 

«Jl»-_jj jjj/LSjj i iu^aXI 4- jUI jLpil (j,!^. ' j-^M 4 j mJ L4JI ^^iii (Reactance) i ^".^— tl iLiLLa i_3jju 

:iuVl aJjUI ^ ..,,., -Jj .(Q) ^jVl 

v r 1 
X c =t^ = ^^; (1-9) 



I c 2;rfC 

.(F) I d!t^3LXI AJt-m ^yA C J (Hz) JJpXI jLuJI JJp >4 f J (^) ' tU^=m iLlLLa ljr A X c 



Jlfu 

Jii^J.! 2_jU! jLl!! (.,,,. -J .50 Hz <240 V j ^!xi3 ^_uip Sj^b 4- A^-J-* 100 nF «r..... . ^-,^u^ 

! (1-9) SJjLdl (j-a l-Ju^nJl! aJLiLLo uL»j 

X = J - = 31831 Q 

2ttx50x100x10" 9 

V 240 
I = — = = 0.00754 ^ T = 7.5 mA 

c X c 31831 



Inductors uLkii r- \- \ 

i La i ua l _ T Ac «■ l_ij-4^=JLJ (Jj_u3jTiJI Ji_o~ ^jjjL^JI i Ml i n ^j_a i"» alii ( j_ J a <j\-*-A J_Lc i M i CjLL>lXI « * i ajj .A-Lutx 
(JLaia 4_i JlJjjJ t-flJLa ^_ (_>j-4^= jLp JJJ-a L>if j .(A - l )J^~~ ' '"' ' 7z-us^a jjfc I a-^s ( JljJl>- jl s-ljjfc) <j-L*-a 
dll j (L) 4-jLsJkl 4_»vl£ jJl^jj lLj i "jN Pj-Jj ^-^ jUl jW^' * J^-ij ' d-UI CjLoJ JJl^I (jrlc. J>-"Cl*j /, i njloLLt-a 

:(H) (^j_Ljl «jL>-_aJ (jj/Lajj (jy^LlII (jj-iLSJI £ya (^l^-JI <_JL2JI 

L = l^o— r- ( M0 ) 






hi m 






(_JJLJ Jj>- ji ^Ijj* (. _lB 



^UodlL^^^S 



augicn^j (A- ) ) j«g-. a 

.(H/m) *I_^JI AjJiUJ^ |^o '(m) i ail, I J^ia 1 <(m 2 ) L>*LJLa i>LuLaA (AjUJ.! CjLU jjlc j^jfcN 



.S4_oI 20 4_jLi! JJ^Cj 10 Cm ddjhj 3 Cm Cy li-|jJI Oj LaS ^Ij-A t_JJa 4J lJjJLs XjLsc/s jl jJLa La 

Ho=47ixlO" 7 H/m IiiuJ 



L = ^o 



J-il 



N 2 A 



(1-10) ibLJU ^ oiajo^lj 



20 2 x 7r 0.03 2 



L = 4ttx10" 7 



0.1 



3.55xl0" b H 



:olibtAU AjuLU! CiLaljLgeliuVI - I 
4_l!L*J1 Oljjpll CjLe-J/j_a - 

CjLoJLI (J-LLeajJ ~ <_) 

.^IjUJI (_yic 4_L^3jJ,l d)LL>J,l pjj«ia i_£jLujJ 



> . 






hi m 






^eq ~ M + ^2 + ^3 



(1-11) 




^Ijsll <>. clival Jxu»j3 (^-1)J^=ui 

: (1-12) aJ^LslJU (j-a L eq S'ial^-.tl 4jL>J,I (. i uujj <(_£jljlll (^,1*1 CjlTcv-t,! Jjj-ajJ *~ \) J^— ui ^_u 

1111 



^eq ^2 ^2 ^ 




^jljHI ,Jc tulioJU J^jj (1 ♦- )) J^r„ 



(1-12) 



ajVLj (j*L2jj (iiiUJll 4- jUljLjl!! J\ j^>JI 



X, 



v L 



2nfL 



L4JI ^,^1 (Reactance) SjL>JLI iLiLia i_3j_«j 
(1-13) 



.(H) (^j-ylLi SjUJLI ^a L <(Hz) jjj^JLi J>-ip]l j-& f <(£T) aj^Lj ajUkII aIcLLs ^yA Xl ti~-p 



^ \ 






hi m 







i 90° jl jJLy J fr>JI <j_C I a I iejj jLjII! (jLa SjLsJLI 4_!L». 4- ^' 90° Lfcjl jJLs j^la ^jlj-J JLg->ll i_2u^=Jtl 
Lt-«a--»- x_«^>ij ^j ^3-lj Lj>^>- L*-»>- jLuJ' CjLJSjLt/O *_«^>o 2 LiUj (_jlc-J 3 a_uL>Jl oJufc ( 1 1 - 1 )J' : ~" ' '"' 7t-x-isjJJ 



•.^LUL^ 



(l-14)X eq =VR 2 +(X L -X c ) 2 



X 



eq 



vRy 



:4_jJLl!l aJjiUJ,! <j-<j . 



f I \ 2 ( 



(1-15) 



1 1 



V X c x l; 






UJll 




>• *iiljJI _ l>-jJI 



Sjjpi! ^IjLUI Jl^n, 5 ;,; ( U - 1 ) J^i 



H 






hi m 







Jli- 



.SjjIjJQ 4jl^-,ll 52jUil ,.,,„^j . R=100 H, C=100 ^F, L=10 mH t^bJL^ ^u^j c^'j^ 1 c^ 1 



x 



eq 



R 



X, 



1 



1 



2;rfC 2tt x 50x100 x 10" 



31.8 Q 



X L =2;rfL = 2ttx 50x10x10" =3.14 Q 



(X L -X c ) 2 =A /l00 2 +(3.14-31.8) 2 =104 Q 



\r 






hi m 







100 n 
I — v\aa- 
500 n 

— WA 



jj>UJ 



:5A-Jll]| (jI^JVLj lyl j-aj-j ( Jjj\ ClLajLlU 4.a_L3 La- ^ 

.LajLHI <il«^ejj (_£Jl!I jLQU ^j.^Stl 4_a_ui]l Jl>.jI < 1 W ,_L«ejJ 150 12 Ljlq-jJa LajLLa- Y 

Jj" ' "i ^~ u ^ \3 ' a * ' 
: 4_lILjJI '"" fljLal aj J 4J ^^.lLojJVI e _}La l£JL-u ^j^a (< .'J J *~~' i—dJLa - V 

1.5 mm i'H.,itl jlaJa - 

SO mm 1 kill jJal - 

iiJ 200 CjUUI jjlc - 

1 alii Wa, ,s\\... 2 ajULa (Y~ ^ ) Jj Jljo SJLCmiVb 1. 1 1 na.1 

:OY- ^ ) J^ ,t,j a^x^jII LuVl j^IjjJQ ^L^ai oLajLHI j^jf - £ 

150 fi 



( J ) 



>300fi 



750 Q 




250 Q 



800 Q 



500 Q 



500 a 400 n 




200 n 800 n 



100 Q 400 n 




200 n 



100 Q 



w 



M 



(!) 



cjUjLai JL^il cj>L^=ui: ^p^ (IT-l)J^ 



■ja'r.njl jLuJI j^lj-i £- ' ^^-tl LLJij j^= if - 

,-,1 &£ =3 X\ plajf (jiuu j^ajl - "\ 

.200 |lF j 100 |lF La^la J^= 4jlj-u (JjIjjJI t^C ij^jua^ja £jyu£=aX S'ial^^tl ^jl^oJI JLvjf _ V 

.5<La] 120 4_jLi! JJl^Ij 15 Cm 4Jalaj 4 Cm Cy i>.| jJI -->j Lai (jrjlj-4 <_JJ3 <d cJiLa 4jL=ta jl JuLa La - A 

Ho=47ixlO" 7 H/m 



\t 






*M 



\ \ i 



LAuSUIj JUjuit 'iLuj>ft[$ '^Hj^ JMli 







.25 mH j 15 mH U^La J^= AiiLta ^jljlll ^^l^. (>JLaj^ c>-iU S'i'al'^-.tl ajL>II 



j*^-l^ ** ' ' '•*"'" i—dJLaj i alt^a "j <LajLiLa l_£j (j-i-ij ajJI -i ^r- ^0 Hz i>JJi^jj 220 V aJ^>- -S->^J-« J _ J-* -1 ~~ ^ * 

.2^51 jJU aJL^JI SSjLdl j^jl .R=100 H, C=10 \iF, L=100 mH t^JLUl^ p&^j ^IjjJI ^ 

j*-' 1 ^ 4jL-iiIus I aLaa i alt^a a a <LajlJLa l_£j tj-t-ij ajJI J £- ^0 Hz i>JJ^3j 220 V S>J^>- Hj^a J4P J- 4 - 1 ~~ ^ 

.S^SI jJU 4,l^tl aSjUJII jl»j! .R=200 H, C=100 jiF, L=75 mH t^LUL^ <*^aj tijlj^l c^ 



^» 






hi m 







.jjpll jLuJIj j-<ilj-ail jLjjil :U-& 
Direct current juTmtljLuJI ^- Y- ^ 

.LJLij/ jl l_L>-j^a La] j-43 < 4-Tlc-l^ Cjj.l<j ^jlj (j_aj_JI *_a Ja *a I Jlj>-Ij LifcLsol Jl>-Li (_£JlJI jLp-I' J-^J 

■j 0" 1 nt, I jLllU 4 aiuLSej) JJ-<-^ £}£. (-». t i_J iM V - \ ) (Jl^a .".VI jjjuj 




jim.UjLull Jl^aAt ()T-))J^=ui 

:j a" 1 nil jLpJl J-iLl^a-0 - f 

^j_a j I jul 1 nt, I jLlLJI CjI JlJj-s jj_a j| 4_aL>JI CjLjjLIajJI (j_a < 0" 1 nt.1 jLuJI (_ r -lc (Jj ' a "*- 1 1 (j ^~~* 1 ' 

■ () a" 1 11 a jLp (JJ -i-ip-a jLp (Jjj 4Jb^j>o) <U^L>. jjIjJlj cLa-ijJij Julj .iJpJj jLuJI j J taja 

'.j q~ 1 11 tl jLpJl dlLal JlJt" nil ~ <_) 

.JLuj/i^ftM -^--" jjIjj, - ^ 

(CjjjjjjJI) Julj (j£. /fi^— i-selJI 3j^j>-l ~ Y 

. Lfc^_t£.j 4^=j_>JIj <L^aiajJlj ' La * 1 ia 1 1 J 5jlj_>JI <*-»-j-} (jj/LiJ3 JlLa ^jj/LlSJI CjL-uI i ua» jjljj - V 

.4_u^p^=J"i(l CjL±j-uL>JI ej^>-\ - £ 



U 






hi m 







: Alternating current wjUljLuJI Y- Y- \ 

Lai i jLuJI 4_»-jjs (_r^- <j A -^'-"- a J (^-^'- ,1 -^ L." "' LaiLl £)-t-J A_uL<JLi ^j^oj-II 4_il_i i^jjJlJI (j_aj_JI i_3j_*jj .(< s ' I 

(jj/LiJj e JlsJjJI <LuLjJI ^_ JJpJ.1 jLp-II L^JLqJU <_jJ-JI CjIjjjJI JJlC (j£. J-J-*JJ L^JJ^' Lh*)^' h J J?^ a 34^ ■*"*>•"' 

.jj^uk <jia-uj Hz j I (c/s) CjI Jl>._oj 



^jjjJI (j^ojJI 



,Lull 




jLuJI 



> 



+ 

A 

1 


^JJOJI jj^jJI 




























a-Jj' 




<_J J^-i U) 



(j^JJI 



jjpil jLaJI Jl^, 5 ;,? ( 11- b J^=ui 

fjl Jj-^aJI 4r *A5-**>ll 4-JaUaJl Jj^eJ d.-L>- ^_a2Jl J^ijJ CjLLuta jjfc -i-ipJtl jLllU (jr ^L^^I jj-uall 

4 La i ulaj LiLJjij aI Jiir" i n zl i. < i n*«i i \ j->II (_>^aj •-"- ■ /<u-i /<ui r I 'j J ^3 1 1 J-iLi ilaialaj. j ig 4_Uij aTu x_djj_a ) j^- 
jLjl!! jj-a (jl_C._aJ Jl^jjj .380 V J 220 V j 110 V ^-b LaJ^LuiX\ ->j <}->tl J<j uiTj .»Lij^=JI CjVj^&a 

•<l>.jVI ^^ jjpil jLpilj ^^ i^jL>-1 -i-ipi' j^' L 4 - 4 JJpil 

:4^yi ^jl^l j^ll.1 jLilJI - <_i 

^j_a r-j^Kj /«-j (_Lv>JI Jl i L t LwkjL^-l jj_a ;_gj i nj'q ^JLaj^a ^_ i dlglL oil ^J\ (jr Jj(j' :: — jl1I jLuJI J-^>J 
J J J i*ajj jjjaj-II *_/0 4JLi-iJ3 j-<-iu-J (J-^ (j- ^J-^ 3 - 5 I i^"* -i-ip-tl jLuJIj .N jj>-2l (Jj-ajil J! JjJtj-I (J-«^>iJI 
i_3jjuj .ajjjJI pLljt 43^3 Jtl£. «U 4*_lILj/ i "iJl^J ', i ~~' Lrj J ' - J " L<a-i-Ll 'LjJJJ ^-Jj 4r ^max ' ^u 4_L>-j^a 'L.i^lS (_yic I 

: 4^M-*1! LajJ ^j i^.Stl cQ^jS (j£. ,J2j (jP-Ilj 2 tl« Atl cQxull -i-ip-ll jLp^' 



1 = 0.707x1, 



U = 0.707 xU, 



(1-16) 
(1-17) 



w 






hi m 







jjk JUAJI jji^iU Jl^ j1 ( _ 3 i*j Jliil Jjj-1-u (ji^. 220 V <s?jl\ ^jU-t jLuJI jj 1^0*^ . jjpXI jLjUll jJ"M 

.311V j^aub 0.707 Jul 220 ^m^ ^^Vl j^I cia^ jf Lujf lips <220V 

: 4_JLl]l ii^Ltll jj-a j^'uitl jLuJI 4_Jb«. IL. (- m>] \-a^= oajLSlI J^>» 4_!L=- 4_ i P ( SJUiitl «j jlSJI <. < < » ->"j 

P = IxU W (1-18) 



L 

N 



>UUI 



+ 

j ^ max 




5 



Ja^- 



I_-„ (j^aSVl jLpJ 



I JL^IjLnll 




:4»jVl ^^ jjpll jUJI - ^ 

.( l *\~ l ) J^— » ■"■ £ys -»■ uajj I -i^~~* 120 LAj' JuLa 4_ijlj_i I j <^» ' ^y£. <L»-lj_a Lfcjl^jlal (jl 



ji$»JI 




360° cot 



4*.jVl (^MS jjj^ jLu ( H- 1) J^-wi, 

:4jj.j^I ^Mj J^>UI jLlLII c!>>Llu3jj - J 



u 






hi m 






(_, ^ II I (Jja-ajlul ~ _<fc 
^j_a 4_>-jL>JI A, B & C CjLiL^III *_l»v>.j /«j_i i>t._L>. 4_»yre-Lll (J-lj^sjj 4_5j^ia ( ^ V - \ ) J^— i ■"■ Tc-iijJ 
jj£. 4-t»-jL>JI J-«^>JI aj^l jJ L^Lu-sjj fCL^ ^jj>-^I CjLjL^III Lai .N 4 ^—J~ £u « a Jl3-Ij ila2j '£— 2^-^ ,.-.A\ jJ_o-a 

.(Neutral point) Jj>L*l!1 2U?>\ l^Ac Jjilaj 4^=p_iiiil SJaiillj ( lines) ■ UjU-Ltl u „ , „~ cj}L-ajjj AiiMii 



T 






L 
















Lj — > 








A*' 


k 


u L 




u L 


k 




Ip 


' 


N 


1 


Up 

r 


u L 

L 






Up 


y c b v 


1 j 




1 v 








►— — 


1 


r 




J*»JI 





u n 



4»-jVl (^j^Ij jLli] i*ao iiu^jj ( W" \) J^a-u. 

ijl_a Up ^^ (phase voltage) <L^-_aJ! J <;> 4_a_L2j Ul (^-^ (line voltage) Ja ->tl j <;-*• 4-«jJ3 <jl LL^j^ !jj 



U L =V3U] 



(1-19) 



4_Ja}L»J1 ,jLa I p ^^a (phase current) <LvaJ! jl_u 4-ajaj II ^r 4 ( nne current) JajJI jl_u La^Js (j1 Lliisj^ I jjj 



Il=Ii 



P = V3I L U L coscp 



(1-20) 



^OJL^a AJaiilX I SjJlHJI ^J*~~ '"j 



(1-21) 



.(i_oj^=uo jl I a] a jl 4-ajLila) Jj^jsJI 4ju-lIq (_ y l£- Jljjjjuj aj Jul!! (J^iIjlxs ^mni COS (p 



H 






hi m 







:(ctJlt,l) lib JrH^jJ " J 

(phase 'i^.jJI j g^. 4_*-l3j Ul <_,-* (line voltage) <k -Ltl i ^ a_»jS jl LLloj.3 !ij .J_«^>JI 4- LfepUaJj 

: C;r 4 U<jm 4Js}L»JI (jLa : U p ^ voltage) 

(l-22)U L =U p 
(jl_3 i I p ^^ (phase current) 4-^.jJI jLp 4_<mJsj I L ^^ (line current) Ja ->1l jl_p 4_<mJ3 (j! LLi-bj^ I j>lj 



(1-23) I L =V 3 ! p 



: ^LlIL^a i- 1 1 ii*«. i SjjJillj 



P = V3I, U 



L ^L 



coscp 



(1-24) 



SjjJLli j'^fl 


V 
V 




k 








u L 


u L 








A 






i- \ 


U p 

V 


u L 

1 


r l 




J 


T | 




■1 i 


7 1 ^ 










B 




u p 






r 


^ 




,L^JI 

















4_>.jVl ^M-5 jLoJJ bJj iLu^jj ( 1 A- )) J^r„ 

4_Uj^^=JI dsljlaLUI 



.jLpJl /«j^S3 j_iljj (JjjJa j]^ j <a" ' "t,l jLuJI p - u - a 
. t. - 



- Y 

- V 

- i 

- 

- 1 






hi m 







.ijl ^jjjLSj ^a mm La (JjjJa ^j^i ) j^- " ' jLpJI 4-q.l3 i La '"j J a 

Ohm's law j»ji<jiil2 T- Y- ^ 



E- 


R 

i — / W\^ n 











: 4J3}L»JL) L^Ic j-jjij 4_ajL5Jllj jLuJI S Juij Jl^j>JI 3j-^ lJV *^"j' (*jl uj "J ' " 7^J3^ r«J L*_J 1 i ^.*:."^-.l jJaj 
E = IR (1-25) 

jLlJI j_ib I < (Q) AJ^I Cjlj^aJ 4_ajLU.I Lr jk R < (V) CJ5AH Cj|jL>-_aJ A-ajLiLI J>L>- JL4-7JI jjk E d~p- 
4_lS jL-II jl—pJI x_a LojJa i- 1 1 nLu-1 l_a J.i^sj.a (J^L>- > j--" (jl ^jjjLSJI I JljJi ^rU_jj . (A) j.(.i_a2l CjI Jlj>._o-> 

.(Jj-ajJI 4_ajULa *_a Lli a^a£,j 





Jli* 


(jl_i LaJLc <tLi 


i^st,! 2 fljlSfl 1 , ,„-»J 1", tj«i YY* jl_u j,.L<.rX4-) jjJ^Lij clilj ' * * 4jj^L9 j-^j^^s -*■ Ll<*-l« 




t^-^tl ,9 jl i"tl 1 (j 1^ J ,^1-w. jTjl , „" A i \j $ i —>" »j. lSI| 




J~ll 




AvP = IE ., i= p = ioo =0455 

E 220 




T— ' AAA 

vE = IR .\R = = =484 Q 

I 0.455 



..ajl (jjjb2 (_yic ■* J 1 1 1 '**" *J uaoJl (_)Jaji ) ^^^Jb La_t3j 



n 






hi m 







R eq =R 2 +R 2 

E 



v E = IR 



eq 



..I 



R 



eq 



E 



I 



R 1+ R 2 



:Rl ^jVI 4 aal all < ie > j^-M (_il 1 n-«.tj 



E R, 
Ej =IRj = Rj = ! E 

is^, +R9 Rj +R9 



E2 — I R2 



Rj +R2 Rj +R2 



(1-26) 



<LuLjJI <LajL3jJj_tc J ^ -<- 1 1 j 



(1-27) 



H 






hi m 







jLjUj! ^j^sta t^^QJi (JJ. " ^ - V 
(jr Ic 4_ajULa J ^-— j; C jLlJI liljj ^— j aj^ljJI IL. jl_I,l (jr i^=JI jLll!I uLd- J^— qj ajl Q3JLS a I JlSc!Luj Li 





I 






r i" l ? 




V 


> R 2> 


E^ 








1 













E E E 



R\ K_i R_2 



I = I 1+ I 2 



R 1 R 2 



:(jLa LiUJJ iaj] ji^JLa c 1 in->- jLuJI <_P-<w aJjUJ,! <>jui> jj^s jlv ij^ 3 U' *— ^P*J 



(1-28) 



IT 






hi m 







220 V JJp_a jLu j J Ltajq ' J^— i gill ' -tz-us^a jjfc I i*— i (j^Lua^ovO (jLu>£^3 (juLie-ij/ «Li /— Lua 



220 V © 




iM 



220 
^0~ 



4.4A, I 2 



220 
(25) 



8.8 A 



p 2 =I 2 E = 4.4x220 = 968 W 



p 2 =I 2 E = 8.8x220 = 1936 W 



Kirchoff s laws lij^iS^lji t- Y- ^ 

3j_j|j (J^= *-« (JjsLtlj /jJ-I' ' a J '"^ ' ' : ~~' lA->'j^ (J! L-^-L) I jJ t/^-uialtJI i_xAjLa ,jj^~~ ' ' (*_jl (jj-iLJS ^jLS (YY - ^ ) 

.ejL>. ( _ ;r ic. 




.3 -3 i- 

<U^=a j " ; J,'J g^= 2jjI J (YY- I ) J^ u< 
. LjJLa <L>-jL>JI CjljLpJI p_o-«-3td (_gjl 1 nj 4_uj^^=JI ajjl jJI £_ La 4 La flj '£— <LL>-I jJI CjIjLuJI pjjjjta 

: Lg-La rjLk I3 jLjjJI U_Lu a iLaJLlil j^Li-ta Ii, I2 j-iltj (YY- ^ ) J^ <j]| iL. a 2Ua;tl JLUI J^-m (jl<^ 



.-.I 1 +I 2 =I 3 



(1-29) 



ti 










- SUI 



flj_ll 



L«^= CjIjLuJI oUol jj^-J ^P*J I, II U_4> (jLaiLa jjljL^a Jls-jj (YY~ \ )J^=lA!I 4- Jl^il (_k L . L '- u (_yi*^ 

t^LiIL^s I jLcoaJLI i_3j^i^<^= 03^ ajLi^= ^j^— i ' tilli (jr Lc *Ljjj .<LJL-u 
(1-30)R 1 I 1 -R 2 I 2 =E 1 -E 2 

2j_HI j R2I2 ' 37-^1 3j-^ L*jjj jLtoJl! oL^>JI IL. Ei a_uj^^=JI 4_^al jJI SjJillj RJi Jl^>JI Jjj-a ^— d P* 
R 2 I 2 +R 3 I 3 =E 2 -E 3 (1-31) 



r« 







.^LUI JliXI 4*^ U^= Ii, I 2 , I 3 ^IjL^I t^lc Jj^l^U LJT (1-29, 1-30, 1-31) orCbLdl J^ b^V 



Ri= 10 Q , R 2 = 5 Q., R 3 = 4 Q -.^ ciUjUJtl ^1 <»j (YY- \) J^-t,t.tl JJ SjLAVL 
Ei= 15 V, E 2 = 10 V, E 3 = 2 V :^a Lu Jd ^tl i*il jJI jjjiilj 

: I, II ^jjjl 1 nU (JLc- ' 3j ~d , ^~~' oj- 1 ^ JJJ. ""J < ( YY- \ ) J^-* '"* J] SjLi^iLi 

= 15-10 = 5 (1) 10Ii - 5 I 2 

5 I2 + 4I3 = 10-2 = 8 (2) 

I1 + I2-I3 (3) 

•.(^Vl ^ijj (2) itaUXI 4- (3) itaL*II o-a I3 jLpil S-*jS ^ (_jiajjjaJLi 

5I 2 + 4(I 1 +I 2 ) = 4I 1 + 9I 2 = 8 / (2') 

:^l gjls tjrGJjUJtl jrjlaj 5 x (2') U^UXIj 9 x (1) iJjUJ.1 <_>j-l^ 

90 Ij - 45 I 2 = 45 
20 h + 45 I 2 =40 
llOIi =85 

.-. Ii = 0.773 A 

:(2) iljiUIl '£- (^jiaj^illLij 

10x0,773-5 =Q545A 



:(3) itami '£- (_jiaj3AlILij 



I 3 =0.773 + 0.545 = 1.318 A 



n 






hi m 







Magnetism and electromagnetism -w^ffil^^LU-lj^^LU-l °- r- > 

j__jj_>JI <_j _l_>. _- If 4 ♦jj^ tl 4- Aj »^ (lodestone) (j^Ll—LUI j__3__w j_<_L__ U-jJ-J_ <-flj-c jl-2- 

J I 4jMi't (magnet) L yijls\l*X\ ^j-u\ j_5e_>_I lj__> __JL_. <Jltal I -i^-— S-li^JqIijlXIj p__jl_ij-<_l__l I j__> __ o i .j. "Ull 

j_jj_>JI i d-l j m a jir" i n" LjjJl^-j .j__e_>JI I jufc 4-l_ _Ji____=_jI _£_UI Ll__I ajLJs 4- (magnesia) Lj-il-^La jJLJI 

L^jl j_-yj 2 l_t-u jtjJU p . .. 2 2-j a U 'i«ll p_j| j (_C3_J3 (juuial '♦" » * --J aj j iajJVI jl J •-— ■ j'< 11 a i_l_JL)_a__=_Jlj 
j iak 1 /j i i-^— ij" A. ( J_>-J i _j __j-JI .- I aJk I j.lTl-3j ( 4-l-i ii < loLLiLa j-j-£- -ilj— «J 4 j injViLLt.0 _}l a_a J I _j inViL-Lt-<aJL! 

■ 4_LL.u-LLllt.oj-u;. ^-^i) (non-ferrous) JjJ->- L&> _>lllI __i}| l_U3 Ul 4_L.a-Lt-l-L_.fl (ferrous) _uj_>JI 



jj_a i___lpj_l Ijl 4^j1 -all I __!____32lj t ^j-L>JI i___L___Jlj { ___I l_«j_ 



(j-i^Lli-LI (_>_sl^_- " I 
_L___J| \ <j___ ~j\ ,Wa jj_ij_3 L-Li-s-J 



j-j__J _-J-II _j iijVil-1-.U __!____3l «j_3 _---£ <— sjLjtlJI jl j_3__lll «jj_ Jl-qTh-J .__lj_3__!__ 4 - b he 1 1 Lo| j_3l_u_ 1_< 



(0___l 1 Jjl^* JjJL__Jj __Jj_L>JI i i L-l-JI J I ^1 <i i"itl i , l___j| ^_a L_9_il_i 4-_te__ _-_-tl ^ aJLII L-3J Lai- .}Jl__) L$_uC 

.(Wb) j-jj-II _-<i i "" a-ia-j-i Stt-SJI gJ--> _j-iL-_j .( YY~ ^ )_)-==» ifoJI j L-J) i ((|)) __, i u-tL-l <«t I _j-^j^H 



(JU_.l i i_-_ l 




_5j_ll LjJaa 
< t l— — — a — m a i | 



WtlaL-UI _?>-JI l_»_l!--- (TT- 1 ) J____i 

Electromagnetism 3_u > $_-__]1 ^..mUL-UI - <_. 

2jj___> _L_ 4 j i ii_1^LL-.U _^j -JI -L-j-L-i- ^j_a _iJl__ 4_^_- Jl!j_j «LJL_) i Ml i ii _L_ __-ij^___3 jLu _£j__u_ LaJ___ 
_5jjJI (j-* 3 4__t__3 _)}-=- ^j-a Jl_l_i ) . Jj j _=3 i^l 1 1 n > 4jjL__j _)_l__>j_j LJ -i'* L_Uj cllLt-j _^-=__«-lJ . ( _ r __t : L_5l__La _]L_ta 
- \ ) J^— -all (j_~ 7__i___j 1 »-=-i 1 gale 1-J_w)<if i -I mil jj -=_u l_.._l>iJ ^--a-iVI _£j_____,l _L- 4_lj___)_o-a ^j Si, I 

- TV . 






hi m 







(_)jl_ic jj •■ ^3lC LiiiLsol JljsjJJ 1 Ml 1 ntl (Jj^>- j-jlj-i (J-«-*J Lp"^ 4. J 1 iijViLLt-U ^j_2JI 1 Laj La -^ J 1 '— 1 '"■ ((_) ( Y£ 
4_4jj_i o_L£.LiL! Ljuj JL_>Jsl Jqj Laj. oLsol JljJljjo ^j^— » 1 >_a .4 j 1 aalaLjjtlil 3^ 2I f-'-^ji (j-^ 7 1- ■ Vn I 1^— 1 4X.I 1 nil 
1 jL-pJI oLjsol <_>JJ-aJ '£— (jrJ^-l (_^i '* ' •-'" (_5-J*- 4X.I mil (_ijl_a£. ^■■^-— C ^aj^jJI Sjl jl (_c--vj v£-Jfl>« (jyl^-tll JljJI 

. ( Y - \) J^-l l~l Ajjji^jJ I x_ii J X-^- 1 J 





dil jl 1 <i a ' La qL-* - ^- 






II / OjJl>JI SjIjj 


N^S 






/ »* ** #**»" 


#-. \ 




4 1 i.mUI <*U 


ijjLLaj - 


/I'll 1 


„•' .*' .' ■' \ 










T T TAT^W^f'f 4 T 




1 


^ 

i 


1 jLoJUU^l 




0-° jLlJI ^>L>«j] 






c 


^^N 


(ji^-tjj Jiujf 


DO 




D^D 




(^j^^ ji_u Ji>a <> jjjai t^ouLiiiii juai (T£-bj^=ui. 





i-<u^jJi dIjj^ ^^n! 








(j-U-JI J_JI 4-4JJ.I 3J£,H (TO- I ) J^=ui 
SI LtajJl Ljuj jJ^cjJ JLj>J.I <_L^=L^i (j|_fl CjLl! a J^C j? SJl^-Ij 4_i! 4J L-d-La J^a-i ii.LL.JI JlJsoI I jl J^iLlJ 

cjUui j_^=j juai 4i tnau jl (f cYv j^ ^4 I **= ■ i «ui 4 a ^v. j ^= jj - ^ sii ja^iai. 

1 flJUl <_JJ3 ,_Li«-l J 4 j lujJqujUI i^j-aJI lLsj Laj. jj_a jjj_^= j JljZ j_<jj ^.._l>- (i_j < Y"\- \ ) J^- u< 4- L-4J= 



tA 






hi m 






4 jUiitl iliLaljiir" in^l IL.J .j-l,i-oV (-JU-JI JljJLI 4_<ij^lII a Jl^iLU Ljuj i fl-UI ifr jW^ "L^>jl l— <-uia» (jljjLsejj 




■(jr 1 



^ J ' "J '* ^ jTCLiUl ■ l^> ■"■ l^. -^ 




mI^LulU <JL>Jkl 3^J9 SjLij-I JljJlj^JI ^j- 4 'ft (J^^ (-kit! ( kL Ol aLqJ 



4 i . .i i L-^ LjJtil i £ ^ d 1 1 j L^ rt u*s^. 



N««- 



N«- 




(1-32) mmf = NI 
.(A) «Jl3._jj jLlI! j-4 I j CjLoIII jJlc (^jfc Nj (4_iljjj_a|) A.T aJl^jj mmf jj^LSj ^~p- 

jj_>J, Ljjljjs jij*—- 'JJ *Li3 /, Jj j ^— i jLu JJj-l ^-se^p- 1 ' ( YV - ^ ) J^— i ■"■ i i_aJLa (Ji>-I J /, i njl^LLt-o (JLsta ^JH- 1 
4j9^L*JI (j_a i Ml I Ji>~! J JLsJ.1 3_Lii < ll i n~>- ^j^— » < 'J t aj la 2 1 4 i i nitu \j • '/—^ ' Mil (J^Id >jj^~" ' ' L^-J^C- ' aiXI 

NI 



H = -^ A.Turn / m 
1 



(1-33) 

.(m) a Jl^-^J I ttlXI J^is j-A 1 j A.T/m 3 Jl>._$J JU4I 3 Jui <_yfc H ^_l: 
1 jW^ 1 il^ J 




D 



^LJI «^LLlUI juai (TV- 1 ) Ji^i 






hi m 







Jliu 

<»-J < 5 A oj jJs jLu 4_> j_*j 4_i! 500 (j If ^jJL-vj 10 CHI cLJ^L *-jJ3j ^'«|jU ,„| i J 1,1 

.«_iUi jib ^..mULuUi juai 

: (1-33) iijUJtl 4_ (^ajj-jIL 



M = 100x5 =500() 

1 0.1 



/- i njVil-Lt.t,l JL>J,I S_Lti i_3j_*3j .1' i Mil > W"i ' a i -" ' j ' »" ' «G Jui jjJuj ' Mil i_JLa Jil-i Lj i rnV->l_Lt.a VL^ta 
I Mil £_ jLlUI JJj-a Aj^-llJ jjjlt.1 ^MijVilim JL>>II J^^"- Jl_jkl «Jl>-jJ 4jMijVilim 4jl3| jJI e^SJI L4JL1 

'.AjJLlII 4jS}L»JI ,j-a Luaxij 

NI 



H 



27tr 



(1-34) 




^lui (^uJsLlui juai (TA- 1 > j^ 



r. 






*M 



\ \ i 



LAuSUIj JUjuit 'iLuj>ft[$ '^Hj^ JMli 



L_Lu£jjdJjU 




Magnetic reluctance a^oLIiUI i*iUXI - __> 

(j__ La 2_.La ^j_a c- a 1 1 -> ^ t__L_ _)j->>- ' a j a I a ___La _L_ ,— )j j^~» jLu _g^ i u < Lajtlc 4JI _Jj_3 ^jja l_L_j__ 
2_.La £o_ (_-L_ J-alLt- R m LkjJtS 4JL^_l_ll! 4j<jLa-4 (JL>Jkl I jui> (^^tj ( . JLaJI Ijub '£— JlIj^ L i inViLi«.a VL^ta 

:(A) ' JLaJ I »_LaJLa 4j>-Lt^aj (1) (JLsJkl jl i na (Jjiaj i JLaJl 

1 



(1-35) R r 



|iA 



H" 1 



i_3j^»j La LJLi.j .(^La/ L £j_afc) H/m CjI Jl^-^sj (JjjLjjj <_JLaJI <_lUj sjLa (^yJLc Jljjjjuj lLs maJI AjjLaJ (^yjii |^ >-t-p» 

:|X r dljjJI (Jl L^JjJiLaJ 4j_l^i_u jl_oJLl 



|i t 



JL 

Ho 



(1-36) 



:aJiLaU Ll.i_l.u-LI I LjjiLalll (jr -ft |^ r j 47TXlO~ H/m _$jL___j *lj-JI <Lj_L_J c ___> |^ j e_ULl LjjLaJ c ___> |^ w_-_l: 



.jl^l 



V__--J 4 L-cu-l 



4j_L_l!l __JLl!l JjJ_>JI (>-jja 



|^ r 4-L-L.-1II 4 pi-ill 


S_U! 


|^ r 4-L-l.u-JI 4 )_L--JI 


S_UI 


0.9999912 


*U! 


1.000214 


f^T^y^ 1 


1000 


, ,lmtl 


0.9999906 


^j_iL___JI 



jljll _>i-j-tJ 4_l.ll.-1I I 4jjL__J| (V- ^ ) JjJ->- 

__jj^_=_ (___U __ i iijULLLII (j-aj-Ltl 4_a_____j _. (iijUL-kXl (ji-j-LlI - j 

mmf 4j MijULuLa 4_jt_-1_» aj__ 4_l_ JlJjjJ 4_j__ -JjJLa _L ■ jj j ^— jLu j_4_ LaJ-Lc <_Ll2 (jja Lij_=_ j La_=_ 

_l_j-J O (____a^L_UI ( _ ) __ : L__L) t --a___J La jJj-J LiUjJ 4-3-jlij .L_jL_iII J|Jl_1 -L jL-LlII L_!J_L_> J_L_>L- _gjl I n" 

-L. 3 jlJjjJLI 4^_l__u_3 LliJ. I _l;j__JI lL_j Lai- jj__: ^j__. ^^-^ _J| I j__b >x_tja .S^La-U 'Ll^o-lL) Liii I ajuLiJL! _)--l __»-ti i 

t^^ljJL--. 4_)L_ll>- ^--s-a-j ' -HI 

^ --,n ^. mmf NI 

(1-37) <X> = = Wb 

R m R m 

t^-JLlII ^l _L___ (1-35) 4J_L»i,l (j_- 4j.fnUL-UI 4_uUJ>l 4-4_l_ jj-i L___3_: l_lj 



r^ 






hi m 







o 



NIA|i 



(1-38) 

ijl J '- J " (j << j t— > LUtJL i (JLsJkl ajL^i j2>C (_^JajiajuU|j <U.lL*JU (_t-Uj3 ajLcLij 



O NI 
A 1 



Wb/m' 



(1-39) 



aJiU ^j^j^tl iiti^aj JL>^' 5Jlj -" t^S 1 ^M-^- (jr-^J *^^ C - ULU -^ (1-39) AjjiLtXI iL. 2j\l A:t| {J\ j^a jjb ^J Jl>j 

7E-j-j-aj 4-i-Lt.a 4_4-il u'-v i LiXI 4_ jULl jLllII jLjjijLi Jiljj3 ^jjJljsJI (_JLUI IL. ^^j^tl VaWg-, ^La ^LlILlj 

Self inductance ^IjJ! ^=^\ - j 

4_ki prJi-b l_4-4 4 »-taJI j '»" a iy i njl~>[lk.c: ^j^JlS 4_j JlJjILi 4_jl_£) L-kJLa ^_ 4 -i j 2 1 1 j ■ «" a jLu j-4-> LsjJx. 

2 j. ^1 IMI ^j_iti ,_ <i i n" ,jy i njVil_Lt.t,l ^j-^j flJI j ' ♦"' f— <-a-i <«t.— uvj <jL>oI A. '—oil' 4r- ''J ' "J ** a JU J^""" 1 *3^ JuJ^j 

^ f.n^toi-uHI ^j^j aJI j-ulLj (_aj )»*"> At 4_ilaj «p_a J}L>. AI j|j 7iq\ N 4JLiI jjl^. ^JJI i aill iL. jLilII j^j 



(1-40) E = -N^ = -L^ 
At At 



o 



I+AI [A] 

— ► 



E [V] 



o 




O+AO [Wb] 



A [m 2 ] 



^jlJJId^JKWbj^ui 



rv 






hi m 







:LJLHI Sjjj^aJI JLvtU (1-40) ibUJtl JqjWS j^ijj oW^J (^-t^LutJLl 



L = 



NO 

I 



(1-41) 



'•(_yj' JJ' i»t-><Jl (J-sL*-s 4.c-l2 7:1"'" 1 ill ^j^— 1 1 ' (1-38) 4jjLtI,l ^jj3 ^ 1 U;llal litll (jJaj-flJI 4-c-l3 ^j^l ^j-^jj*"" 'J 



,1 ,^ x N NIA uAN' 
(1-42) L = — n 



I 1 



1 



Mutual inductance JjLoJU 

(_ r !c (_^ JJI 1 ail Li J 1 g] ' 1 kLa I g-La i_<-)L>. (J^= lt^- <— Sj-^Lo Jj Ju>JI ^j^a 3 ala. (1 * - 1 ) J^— ■ ■"■ (j-u-J 

JL^txs 1 mi it y-l "iiiU (j-U-i LajL-t£. . l _ JT _) LrJ I 1 a U ,1 SjJ1-S J. j" aa il fll^ ■ , "~~' J ) ' L*i.u ?-LLiLaj AjjLLsj 3 al>JI jl 1 u \ 

jj ^— u jj-^aJj r-l "iiiU J ua^ 4_JL»- £_ 1 uajf LiUj CjJlj>oj .jLuJI aJljLu 4_laj>J Jl-*-)J (^La^JLiLjtil 4-Ja^eUl 
Sj_ii>l_laJI O J— lb CJ Ju^soj .(JjI—iTlU kL— >JI sj-ikLls Sj_ii>l_laJI J—tb /- <i 1 n" .(jjl mil gl ->"VI (Jjj-^slC £_ jl_uJI 

jLuJI aJL>. £_ I 0^— ■ jLp-II a_*jS jjJuJ aj*_uJ jj^~~ ■_' Lo LJLc. ^JJI ^ 1 njViLLm (jiaaAll j '«" jtlc jlj 0" 1 nLi 




JjLuil^JI(T*-bj^ui 



rr 






hi m 







.(I^T^- ) ) J^=_ii <j_a -»• i >■" J I -i^— ■ LiUjj «U3 jLp^' JJJ-° 0^>>jl <-ir.rO» Jrt mV j| (jlc^ Lai l£]jjbjj ljLLJI 
\ ) J^— ui < (jr icl ,JJ I Lgjol 1 ^ ^'^— ■ ^j a a se * "■ /- unULim ^j^j all iL^a^ta (jl iL— l>- (jr lc.l J J ' Ml mil 



;LlUI oU^J 4^=j^JI „UJ! 




N 



/; 





DO 



jLtTjl J5>I 4-St-LLJ 






^ylcV 0_^ 




| 



N 




fc ^tcn 



jLuJI 3 Jui (jr^C- 8J-2JI tfjub jl jJLa Jujjjuj .Jii i nt Jl tiJjjtjj 4JLa (_Lv3jJ,l lilLm <4- J^-^ «L><jl (j-a^=LC I jlj 

.(Jj^oaI (J alaj ^_j i nj ^Jl ij ■ aolal Li I J (jL>Jkl ajuij (Jj^aJll ^_ jLU 



ri 






hi m 







(_)iaj aJI (_ c i n^-l /a-j (j-aj 4 j i rnV->l_Lt.t,l ( c_L2JI 4_*_)La_d t_ i i n^-l c 2 A oj jJs (^^j-g^a J*-tP *^ J-* -1 ^-^ 1^0 
<L«_l9 r-jjjr" ml L-JLaJI jl in a £- 1 mm \-Q^=3 t u *Ij-i4> »J-=ta dJLufc jj^-— "■ LaJtlc J^>JI (jj^ -(j> uuIoLim 




1000 y» ^j^=l!I «- .1 mlt Hr (V- O Jjjl*JI ,>. : JjV) ULsJI 

: t| yAiulaLim (jiaaiJIj C-JLaJI 4jlJLj_4 >_il ma. -j^-^ ij (1-34) aJjiUJ,! «j (1-33) 4_!j>L»i,l 14- (^aJa-t^lLi 

1 0.4 



R, 



R. 



_ = 159xl0 6 y 

H H r A 4ttx10" 7 xl000x2xl0" 4 ' "~ /H 



ft .Nl.J0Ox2 . 13Jsl0 ^ m 

R m 1.6xl0 6 
0.39 



jJu>JI ^j /> j ■■> n (_ 1 1 n "*■ j /«3 ' JLuaJ 



1 



- = 1.55xl0 6 J4 

|^ H r A 4tc x 10" 7 x 1000 x 2 x 10" 4 /H 



R, 



— = ^ - = 3.98xl0 6 1/ 

H A 4ttx10" 7 x2xl0" 4 /H 

^lajjl a ' -I LaJI ^JjuLa^ pjji^ta ^^^ 4_ti^=JI 4_*_)LaJ,l > jj' : — »"j 



r» 






*M 



\ \ i 



LAuSUIj JUjuit 'iLujjift[$ '^Hj^ jmi! 






R m = R ms + R ma = 1.55 x 10 6 + 3.98 x 10 6 = 5.53 x 10 6 ^ 



|D= N 1= 200 36xl0 -4 m 

R m 5.53 xlO 6 



.<Lul^fJI a aA-aJI c-xJ-mJ /, i u^JaLtiJLl (_pa-L<i]l ^_ JljJ ifgJI (jlal ^*-"' 31 Jaa.^ ) Lak (j-«J 



rn 






hi m 







jijUi 



$j a" i oil jLuJIj jjpJLl jLpJI d/u (Jn-il! La ~ ^ 

■ < o" i ii U jLpJI CjLal Jl^t" i ill /) a » ' j *— i j I Y 

.jLlU! i*.^ ^jj^JI (>JJI <-a^i - V 

SjLill I jufc <L>-_ai, ^jjjJI (j-aj-II ><*> La ' 60 Hz 0-i.ijJ - i -tH- /0 j'rP ~ ^ , 

S 220 V/60 Hz j^p* jLlU ^^iVl j^>JI ^L - 

.(YA - )) J^-— ui 4; L-" "' *" ' ^ J ^ C* "j ^ ' ^ 4; t — "J^f"^' <— iLuljkJ i *j lmj '^— ■ jj''l J p { ~~~ ■ ■•[ ~ ~\ 




(-) (I) 

.j „ j la i *» 1 1 ^3|^>. »-j_ii| - V 

p^*" i ma i Ml i ii ^_ /-Jj J^~* jLu J-4-) La Jtlc Cj JlJ>o l!iLa ~ A 

(JL^>J,I ej_ii <_ i m->-l t 2 A ojJlS jLu 4_i j-<J-1J <Li! 100 (jr lc ^jTi.-vj 15 Cm 4-J_ois J-^J (jyJlj-tajj/l lJlLo - \ 

i^_>JI J_aLta t-^^oJ i^lj-ik i_JJ3 Jj^>- (_3j_aLa 10 Cm 4J_olaj 4 Cm Oj Lai ill 300 4jLo! JiJl£. L_aLa - \ * 

.«_iUI IJ^^IJJI 
i « j a I a 2 mm I j^— i T" i-uljjfc »J^t2 4_J 60 Cm aj\-uua J_alaj 3 Cm 4-*laJLa 4j>-L_a* JjJujJI (j^a <_JJ3 - ^ ) 
5 Q. iy tt\ ' alXl 4_ajlJLa duL^= I jj .12 V 0J^-=» j a" i u a jLp j LlqjCJ J ■ all aj 4_<i] 300 «GLU JJlC i—oJLa 4_tic 

•(_7 ' "J^l-Lt-U (_^JaaAll i- 1 1 ii^-l <j (j--aj << i inViLLt-U I JLSjI 4_*_)Lc-a i. i i n^-La 



rv 




.^ irT>p II 1 1 1) n i llrj -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 

£ALUljJflaJ^(W4w2)2ulJtl!3j!j?! 










.4_uj^^=JI CjL^=j^>Jklj Cj^?_^>Jkl CjLu-uL-uI /<s^a $ d^l 



'.(^yic IjjLa i_JUaJI Qj^-iJ aJus-^l oJ-fc J o"^-i" LaJuui 
.,Ji«.jJI J<j>j oLaill jji£. aJ^Jlj rjL>JI (J_y>»il ^(j> <■ mi>j - Y 

./^ * (j£. 2jl Jl^>JI <>jui> (jLajJ 4 1 1 "'< ,J2j V (jl - 



jjcjLcL-oA :uJ)iIUj^mij3jJI 



:'iJLtLJI JjUjJI 

<1"^— tl AjL^j 'A- i±J2±jX\ *-»-ljJ,Ll 4JU"rrlVI 



rA 



2buLx)l3Jb>N 

'iuj^:!uLSjjaijju^3*ii 






jaiaAxJI 




Electric Transformers 



Cj^j ->U j>jLJr" in" J .(W ^^ »__-*. I j) Lfljl in ise—iijJll ^ iinVilim JL^e.q.11 JjLiTlU ^L— >JI 4_jjiij (jr JLl 
.-il LajJLlJ " I ,'J j ^~- 1 1 J4J5J CjLLa^ta 'A- dj 'j^-" 1 II 4 ■» 1 .1 tl Cjlj Cj^?j_>m ^j^a s-ljiljl f-i-ulj J}^ 3 -^ (jr^ 1 **-.'J j^"""*^ 

JJl^I ;_£ jJI) ^1 JljjVI 1 flJUl '£— Ei j-L<Ti-a > ^v (j JaJ LoJl-Lc .( ^ - Y) lLs ui j 1 1 J^— ^.tli ^jisjjj jJt, 1 1^— 
•.(j_aJLdlJ Ujj (N2 <OLoJ JJlC (JJJI) i^^JlUI 1 aUI 4- -4^ E2 Ojl JlIo ljl£>. (jli (Ni «GLU 



N. 



Ei N, 



(2-1) 



l^JbJ^JI c_JL2Jl1 6 




,_-*! 



o-> 



iijo^icjija 




Ei j^jN, N 2 



J^ji 



(_£$JH!I ' aUI 



^^^jij^ai 0-T)j^ 







Jliu 


Jj^*^' £J-^ J ~^" '^-i 1 


1 4_il 1 00 (_£_aJ 


till 4_<iLa CjLil JJl£.j 4_o! 1000 ^1 JluVI 4-aia CjLoJ JJl£. J_^=ta 

??0 V /1. 1 J~w. \ \^~ n jl i~ j. 1 ,^1 -! 1 6. 14.. 1 a J i^,j 1 \l 


• 


.E 2 N 2 

Ei N, 


N 9 100 
.\E, = 2 E, = x 220 = 22 V 
Nj 1000 



r* 
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J^luuSp 



i_JLaJI 4_Jb»- IL. .(Y - Y) J^— luj Tciisjjj jjfc I -i^— iallita VI ^— |^| | jtjIj.iiJI aJJt Jl>-Gj .4_ualjjJI CjIjLuJI 
E J^- uil\ 4_!b». IL. Lai <^j^>-l ig*. IL. (^jJIjJIj i^>. '£-. ^ySI Juj^I I ail I I ah L <-3jj>. (jr ic ^JlIIj £tjlj_iiJI 

.t_JLiII (j^a (jii-l JlII *j^>JI t^ifi. i£aJtj]lj (^j! JluVM (>Lalil }L= t-oJUa 









E i-2j^- J^-imi ^^k. l_JJ3 £j|j-ui J^-imi ^^k. l_JJ3 Li_2j^ J^-imi ^rk. l_JJ3 





liljiliJIj ^IjCbVI o^UI l£>>£% ^SlaiVI o^iU 



I gjLfliaj j j Ju i-^tl i .jl^ll 2 algg&a Jl^a-uil (T~T) J^ ui 

Types of transformers ;uVj*t I £l$jj T- 1- Y 

«L>-jJI (_^j JJpJ.1 jLpJ' ' J - ^ (Jj^^cjJ (JjWU L3JI tL»o»» «L>-_a]l 4-).}L>. I Cjzj^ta 4jLil i nil Cjzj_>iil /- a i oJ 

ai ■ i ,: — ■ II ( " ' I j J all a Jiir" i n" i __^j 1 1 «U>-_al 4_j^1!lII Cjzj Ta (J-iLa '"' *j "-U ^j_a ^j^-l p'j— ll i-dl_ui>j . Jlj>-IjJI 

dJLuiij .jjJLLa ' j-w «.LLac! (jr Ic SjJl^JI LJ 4JI vi--p> ^J-^-!' J(j->- iLajjiis '£— aJlJ-'iih" ^jJI 4_ul jJI CjV^oJsJklj 

jjjjj^Jl i a I sell I a jij .till Cj'jI ii] (Jit i*ii*. ^jj—uJI ajl ii] '"' *j -> o^— i aJlJt" hi" ^^j—I I 4-Uj i n"m '"' *J >JU 

■ J^^.11 j-tiu jJ (j,^>- CjjLj 7TJ^>- J^-V -laLajj*. zl (jylc ajjLaJU LJ 4_uj i n"ll Cj 2jj>J,I oJufcj .^j^^iaJI 



2buLx)l3Jb>N 

'iuj^:!uLSjjaijju^3*ii 













24 V Jl J-lIXI Ji^ (jiaAi 



.(^ c T- Y) J^,t, < SjM^-itl 




M (') 

JL^jlII tliljL>.J 4- 4-aJLJ-"i.iU oVjjhI.1 q2**1 ( I ~ 1 ) J^ ui 

AjiielmXI _)LpJI JOj3 - Y 

^^JlHI i aJUl J^4^- - V 

jj-a j-l£=s\ jj ^-»" jf t r'->i Jj^i' 'J^ (j^ ' 20 Q LfcjjJs aJsjLsl* 4J 4_jjJl*j Jilj.il J-<wJlj 24 V i£$JIj]I 



X 



24x24 
20 



= 28.8 VA 



(2-2) 



i\ 



2uiLiJI3i*jJI 













p = VI = 24x2 = 48 VA 



(2-3) 






it 







jj>UJ 



S(Jjj»J,I <J-«3-C AjLlIsj j^^ La - ^ 

<i3-_aJI ^jU.1 J_^>II (_*-i^=j3 r>«i| ~ Y 

J /jy Jl^-j! £ Lai 200 ^^JLIII 4 aLa CjLAI JiJl^Ij 4_aJ 2000 ^,51 JJLi^l 4_aLa CjLU JiJlC J_a^ta - 1 

.220 V 0J^^>- -i-ip-« jLu j J i^i <u 4JL>.Jua (J-i^aj I ij (Jjj>Ji,l 7TJ^>- 

CjLU JiJlC U_Lu 4_i! 916 ^ySI JluV I 4-aia CjLaJ JiJl£.j 72 VA <GjJiij 220 V 4JL5-J1 Jl^v J^=ta - 
.J^j»J,l I jufc 4-lq--^Tij r^k jLu tr ^oJ3? 1 dJji^=>j <r>^>JI Jl^v Jl>-jI .Lil 100 i^jjlfi]! 4-lU 



if 



'iuj^:!uLSjjaijju^3*ii 






jaiaAxJI 




ij-$£ ' ' a ^J^~~ , "'"J ^-dhp-^'j lA' 6 - 



Electric Motors 






igjLifulU L-ll LaJaVl (j| (jr -lc ^j^'j (^J-II «U_nukllL»l] aL«JI IJljJJ (jri^. t-dj^>J,l o'jJ J ' jL -^ a ^ »"«J 

(j-u pojisj-a (jljjJI j ■>»« tl i^ a i n i) oj^ta (J_oj*- JjJt-i ' k*j ' " ' (j tulau-La <UL>. Jl>-I_<J .(—ijL^ejj 4 aJUseJilj >ai *"" 



Chilli Jibuti 



c-oli'JI j.v»»tl 




N 



iljjjl j ■>>»tl 




4J5EJJJ jljjJI J <>»»tl 4^djJ>. 



DO 



.Unn.tl ^j^=JI dJj^il (£-T) J^i 

jjJa L^ajJI jj^a (_£L) S^-LtLa 4_j_iia3 /TLjJj ^_ JJpil jLpJI >l JlJt" i ul L$-La sJlC (J)j_LaJ LiUj /ojJ (j| M-^= ' 1 'J .jljjJI 
i_3j_ij/ jIjJlJI j uajul (jL£ 50 Hz o^J^J -^-tH- J - (*' JLgr'ir "I -U.<j3 .»JJJ ' fl-i^aj (J^= J4!^' tf "-*"-'' > '»" i 4 - =t rp- 1 
I JLjb (jljJJ CjLA^X. i_u]p (0- Y) (J^aLji lAaJJ .A-Jjlftll <|_ 4_il 50 (_£l £ J^p-II I JkJ 4JjL^a 4-g.j mJ JjJJ 
j i^itII IL. JJpJLl jLll!I a|jV" kiL (4_JLUI jj-a 1/50) jLlJI CjIjjJi jj_a SJLaL^a ajjJi J>L>- .U^,..jtl Lilj^Jkl 

.c*jiiii 



ii 
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jaiaAxJI 




SjjjJI ijljiJ 



°JJ 



jjl . .' . -^ I 



dJLoL^a 2jjj 




N 



N 




T jljjjl j uajJI 




LjLtaSVl (^Uj (^Jj-^3 ^J>=" 6'jJ^ 4laL^= 2jJ-i (0-T) J^=L<i 

tiuSSLJIj JbjuJI JL*« ^ ^UJ^Lai Xutfttl utf>*i I t\p\ 

Mii-a-3 .4_^=j^>JI *Jl-1J (J-Lt-tTulII 4JL>- '£— I J.--.M La^J Lvu Luj^^aJI pl^a ipJ ,1 ^J 4_»-L>JI • a]gj<J 

A^-i i La-Lu < 3 J_l>. (Jjt i"i~ »r 1 a^aa - 1 *— i j *- i I «. Jlj A_lc ^Lc- i^j-^ CjI i CjL^=j^ta J I i Lag la ilaJl r-LiAj 
4 La i uaj a Jj* mJ ~*r 1 a^aj 4_^3^>JI «. JuJ ^j^» aae * a ^j-^ - <— J '-^ ' ^""J "*~ a M '* '^* M ?"_alj-aJL! 
a JlJt" i n"< «L>-jJI 4_oL>-l pi ^-»j -»■" ' dl * j a i jLC'JI 4_jjJu j J Lgai L*_u ^J'J j^"- " CjL^=j^>Jkl l a ' i aJ 
jLla-ij .«L>-j 2l ( _ ;r J^Lj jLu aJlJt" i n~ «Lj>-_a 2 I 4_uMj '"" *—• j scjOJ «Lj>-jJI (_£.lL>.| JJp_a 4 _ 3 _ij^^= J4P J^ 1 - 



ua ^ 



ij-C (j-a 600% ^yJlj^*. (_^l <_Lu£>J j_u_^= 3 ^-— J^ *Jl-J <»J-jCJ 4_^=j^>JI *Jl-I 4_ul Jl) 4^-J^I Lu^lii '~'t^— j jj ,1 
4_oL>-l '"" ^— ij jJU aJlJt" i n"j I j"'^~~'j a. &a_J 4 I j i nj J ! «L>-jJI 4_oL>.| Cm ^3) *- 1 1 r-LTuvj La-Lu (Jjt i"i"tl 
(jr Jb La-LSj ""j • • ^— 1 1 1 (JLa-»- 2I <4- '*- J ?\i ^' 4_jj}Ju ol ^— j >J,I aJlJt" i »" La-Lu "j ' » ■ -** ? I <— >l S-ixLalJl '£— 4_j*-jJI 

Three Phase Motors 4?jVil$MtaL£>Ain- r- r 

: ( _ y jfe «L>.j2l 4_u^Lj Cj L^=j_^-aJL! 4_uj/LjJ p'j-il aj^Lj Jl^-j-i 
The squirrel cage induction motors ^La-iuitl L) ^illl o!j Sj^utll! CjL4=j^*J.I : VjT 
The wound rotor induction motors CjLiUI jj jljjJI j)/^i«tl CjI j> o^utlJI CjL4=j^>Jkl : LuLj 

The synchronous motors iUlaljILtl C:L4=j^>Jkl : HILj 

.jljjJI (JLsJkLl (.<inl La (JLc J-aTL<3 /jJ-I'j CjL^=j_>iil Ojufc J-i^ 3j^=lS TtxiisjjJ Vjl I JljJ t_3f) i nj 

' L." ■•■^— lUtlLa L." J ' "J' - "' '* " 0^\-3za (j-LJ (J^LiTlU J^lL^jJI (_ r lc -1-lpJ.I jLpJI Cj\^=sjjxjz J-a^l Jlajju 
(JLcta JlJjjjj j LaajJl I Jlj4> tj'jj^ «LLc < a mJ l_a-a 4_^=j_>JI j^>- a '^-^ ^_ j^>- Vlj 0_iLi j_JiC ^_ 1 a AJLa»l 

_ ie _ 
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(JL^JLL) (_ a i njj Sj-LtlLa '"" aiXI <?_!_& ' )l Ia.91 (j-tjvj 4 7i \j U i 4-jLila 2— JJp_a jLu Jj^-i *L5t_(Tu OjLlII a LJajJI 

jljjJI j i^-ntl CjLoLo 4- ^.m-Jolim i^_>JLi UJ JLljToa ^..■^uUtl ji^Vl JL>Jkl Lai • (rotating field) jljjJI 

(j_a ^JlJu jIjJlJI a uajJI CjLiLa ^_ < a" i u a jLu J_JJ-t < *- =t rp-> jl (a_j^jjL1II '"" *—• j jJLI £— (JL>JI jj4> I i^—Q 
4_iJJpJI pi ^— ij -» -i U 2 fl I" -*■ 1 , 1 plj_iVI t _paj t" i n < (j| (J-i2j X4_i-Lal^lLj| ' ' : ~~'J "*~ ■ ) (jr^J'— *■ J*-rP J ' Lax 



f Phase 1 



o Phase 2 





Y 4 II 1 rl Jj 



Rotating field jljJJIjm 

JJp_a jLu j, ' L^a-a-l ^JlJu (<L>-j.ij-a < iLLa^l 4j}Ll «U) «L>-jVI j^^Lj O-lL) a ■ ^"* (*\ - Y) (J^sljI/ lT^- 1 
.oLso^l (j-oij IL. JL»-I_ajl «L»-_aJI IL. <>LdL« J^a i_oJL jf 4_Ljij_J, (Y) J^— iS< j^^il «GLila J i aajj <<L».jf 4j}Lj 



UP 



J_S3j <G_a2 jbj3 d^p. 4_!}U. jULl jLlJI (^k. gk^t ^1 4- <*W^I -^ 4- J^U ^...nULlUI JUJkl 
4_jl_aj_i Lg-Lu La-La I a lljo 4_j^LjJI 4_j*-jVI 4_ sjLU CjIjLuJI (jl ii._L>-j .jLuJI 4_a_L2 olal ajola a jLjjJ Ljuj 
VL^a 4 ''j ^— i a I j Lu La-La Jlj^jj LgJI VI 4_jjljJI (j-oAij Liajl I ajj-ao <u}ijJI Cj^?L>Jkl (jLa < ^ Y * Lfcjl jJLa 
4_ijlj_i jl J JlJ3 /- i njVil-Lt.t,l (JLjsJkl ^j ^— i ' 3Jlj>-Ij SjjJ 4_iL^J 4-J •cO - *'^ ** (J-* 43 J Mij-LtlLj ^Lj. 

La I J_a>j i (V - Y) ) J'^-< mil {j_a 7z—us\j j_a> La. 



ta^ejfl 



l^—i oJ^>-\& 4_dJ 



.jljjJI JL>JIL 



n 













I j'j ' (J »^sA" SjLiita S-Lijl 4" i gj (V - Y) J 1 '-— ifgJl («-i-uj (CJ Jt^S /, i rnViLt-U (JLsJu (j'J-i^ ^-^dLp* 7n-LfJyjILlj 

jj ^->j LajLJ^a . A, B, C <Lr*j1 o}LJI ^i cj-jjfl^-'N j^!^ ^jfUXI oLxj^ll Cy ^t->ll Lr JL=sJX\ JLc "\ * Lljj 

.C Jl-Lc ^j-L-vJI -J Jaij C jLi£. ^yJU M'll «ULaS ^..ijUUt-a JLtwi <L> I An L^a C-C <l».jJI 4- jUI jLoJI 
4_l1aJ JLkJI I Jl^=u»>j .C JJlC ( _jaJL>JI J C JlJ£. jj ^— J i_3o_<-u (-11 <i ifuJI ' ■ Lallll (jl_2 LJL-u (j^-^ 3 'M ^*' 

.4».jVl 




Phikse C 



jijjji cr ^J 3 Lui jujj (V-T) j^ui, 

^■j i-^i^tl 4_a_ui]l ' a LaHJLa /J j J »^»' La-LiJ 4_I 4_a-L3 ■ Laj| C «U>-jJI ^_ jLuJI Jl^cjj Ti (Jj^i I *— iijJ! /, ^^ 
(j-u_La2JI l^_i C 4-j*._aJI j-<_C ^j Lai 4_a-L3 jj (jr j-ulj ,- i rnliL.t.a (JLawi I niij I JlJ . A,B L. M J^-J^ 4- ijJLui)! 

A', B (_)l LalVl (>_> (^l^iLl!! tjjiijt uaJI (>JL>JLI ^y^^Llim JL>J,! I Ju* ^j-Sjj < C ^j-L^JIj C ^U-jlJI 

. A, B tJ-L^jJI 4r jLpJI JJJ-" Cr° tlr^jLJlj B', Aj 

JJ A 4_j»-^JI '2- 4-la-La jtajJIs ° *\ * 1 A)j|j I* S-jjIjj jl j jJs jj ^j jLuJI jLa T2 *_iis^JI IL. Lai 

(jLb C «L>-jJI Lai 1 B «L>-jJI £— 4_L>-jJj ^j L<a.flJl 4_a_LaJI '*"■»« JJ (Jj^cjj La-Lu 4_l!Lu ajLiL 4.a-L3 /- L<a3| 
^_iiLJI ^ injViLm JLsJkl IL. Jj^>>J LiUj J-pJJ .4_^>^l ^j ,-~.Stl 4JLa-iJ3 1 k-t^aj JJ j^**_' 4_j3 jl_U jLlII 

JLsJkLi (JL>J,I I lx.it, > '^"j^ .(^yja-L^JI A j ^1 a Mitl A' £r> j ka a ? I tj-L_i A d ~> j II j ; c ^j ,-^.^U «jLH»jS JlJ^LlI 

j-jj-LsJIj C (— II a i"itl (j-u_La2Jlj C j^j-L^JIj B ^^yJl a uul £m i La-SJl (j-L-i B, C l. m J^J J 'S /. "'' *M ' ^J* '-"" 

. 1* LajIjlLo ajjIj^ jb ai (juijUmi JL>J,I (jt^j-J I jLgjj .B' 

_ iV _ 
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.iiaL^a 4_ii] J-iL*J L« (_£l ( VI * Lfcjl JuLa 4jalj_i jl J J^S jj 1 ^..' LkJtJilj T7 
(j 1^— 1 ' Lia-Lu «L>-jVI A-U^Li JJpil jLpJ' CjL^aj^ta ^_ OjLjJI a uajul rnj t uaj 4-1 1 Mi"t Jl SjLi 2I jJ^><J Lukj 
jljjJI JL>-U *-a 4JLcLfljj jIjJlII j uaaJI <Ji».l J ^lo-ila llt-U JL>>-U ^J^ ^J-^ 3 4r *-dt«stXI I j^lj'ti (^j Jj>A]l 

.CxjIjJI j.>.«tl '£_ 




tp^bii ^Jj^ai (A-T) j^=ui 

Induction motors %jutin utS>aii : Vji 

jl_u I jj a ^^ 1 n t LajL-Lc O-lLdl j uSl*1\ di\ flj a ^_ jlj-i << 1 rijVil_Lt.a (JLsta I ui M LUL_u I \j^—<\ Lii==> 

I j/« LifttJb 4_iLa (jljjJI ji^ttl) 4^=j^>JI j^. ji^i s ;^-j a dsLila JU4I I Juk «Jal Lo ijLa .<<L>.jVl (^Mj 

,jj*~~ ' ' (jl (JjLso O-iLdl j LtajJl (JL=ta < il U«V & . ,.^—X » ^ , il Ua | jj , inVil_Lt.a (JL=ta 4_Lc fi-u-i j-uOJu jLu 

jIjJlJI j Jajill (jl-3 j 1 1) <i" 1 iL JjJ^-i O-iLlJI j LJajJI (JL^ta (j] *^.._l>-j .((A - Y) J^~* ■"■) 4ILal Sj i ul ^j oAj (JLc 

J USlxI] fJUXJl I j « JjJ^-1 (_jJ-I' 4-C.J_i.uJI (VlAji ' JjJ^-1 (jl JIJJlJI J LtaJtil (Jj-r" I ilU (j~aj .^J L*-lJ JJ^-> (jl (JjLxJ 

(_y^>- 0_iLdl j u2l*1\ (JL^taj jIjJlJI j uajJI (jl_uii3 <jl_i 4 j 1 1 u t 4^=jj>- liJLuli ^)J^~" '"' (jl JlJZ 4JI i-t-_L>- CjjLlII 
i^_ 1 Ml^" 1 nt, I jLuJIj tiJj^>J,l (»j-C JJljsjj 4 j 1 1 nill 4^=^_>JI <>Jl-J L«-j3j .jljjJI j .^»tl (jljjj (. 1 j 1 n" aj^ I Mii" 

_ iA _ 







N s j-ajJLi L(J j-o>£j (synchronous speed) I_ii«!jlJ! Icj_^JLi Cj_jIU! j <>ntl JL^a obi-* ^j-" er*- 



: 4_uVI <U.}L»J,I j^ Lfljl i n~>- (j^= ' 1 'J duUH ajuajJI (Jl-5=-a <_sLLaJ3l JJlCj jLp-J' -^J-* (jr^ 1 ^-■vi-^J 

120 f 
(2-4) N s = rpm 



Hz CjI Jl>._jj jLf^' J-lP J- 4 f : *— ^P" 
£*jliJ! Jibuti JL=ta L-lLLait JJi£. P 
4 i i. ni J N r jlj JuJI j uaJtJl (j'jJ^ ^-J— "J Ns dt-lLjJI (JL-V.U (j'jJ^ ^- £ -J— Lja (J*—* 3j— ^ *-£9-^ 4 i ui«tl /- <i i n"j 

N -N 
(2-5) S = -* L xl00 % 

N„ 



4-g.j ml JJJl-J I 60 Hz 0-i.ij-J I i^J^/l A-J^lII (_£J -i-ip-X' jl— llILi J-».tJ t_)l LaJaVl (_pl— S (_£>jjLj t*Jj_stA 

•3^j-J^I Sji.i'i (_<^a^l .3550 rpm Lbjl jJLa 

N= l^f = 120x60 =36fl0 ^ 

S = JJlzNl xl00 ! 3600- 3550 xl0( , = M% 

N s 3600 



■ojiMi j^a-tji ouia 4- (>s»m jw^i «jS - ^ 

.OjLlII j JajtJl (JL=ta ■» La Sj ^jJI jljjJI a JajtJl CjLiI JJlC - Y 
|-,>1MI j,>,«tl ^ jljJ^ll Jl->^ltjlj.ltlji>,«tl i-ilAla » U*a 2^-j ,„ - V 



M 
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aJLuJl) jjzj-i^l aJuljj LoJlJjlS .Jjzj-izl 4 1 1 n t j-<-*3 *_a (J^jjGJI i_l!j^>J,l a^C jjJu (* "" Y) J^— i ■"■ (j-UJ 
4-C.j in It ^j ^— i i ' La <_)j-JSl Lilj^sJkl <Lc.j_i_u Qa^SLj LoJlIc ^LkJI (Jj^jsJI <UL>. (j_a 4_JL>JI oJufc i—^IIajj. < aJjlII 
(^yJLlILlJ 4_tl«ljjJI Zcj intl jj-C <£iCj-lju '"■ L^flj I <>1^3 i_dj_^>J,l (jrlc (j J la [ I Jj^kJI -il-ijl Ljl^=J . 4_i_La I jliJ I 
jLjJijI j <i~ i ill I jl_3 4_tlaa. (»j-*-!l <LJ3*>Ll (j a ^— " ^~p>- Luj-aj A ^ * 4 j i n't ,J! J t,a3 (jr^ 5 " (5V3^ * ' ^ J ' "'' f-^J-* 

,_Loj Lkjtliij XYo (_pi_aj- (JJ (3X>^ *! '■"*' J""*" lP 3 * ^4^"* JJ*" 03^=^ <Ca*>L»JI ^jLa i_l!j^>J,I (jr Li (Jj^utlll 

.4juij_i_uj 4_l».LiLa i5jj_Laj jljjJI j i^«tl caJL jl jJiU I jut ^j^l ,_LiJ»JI jlj I jLa .jL^J^I f»j-C Jl dJj^sJkl fj-C- 
,J\ LtlZLJl Ijl Lai .J_aL=JI <_L*J»JI AJ-C jj-a XT* *~ XY* ♦ ^J L^jJiLlII tllj^sJkl jL^Jl A.JX. 4-a-ua J'^"j 
^LjJLj jj^~~ ' ' " 4-JL>- 4r jj^~-J j'jJ^' J uajJl (jLa i_<Jj..>Jkl Jjt mi" 4jI JlJ JlIc (_£l ( Jtj&lXI (j- tr^' i^>JI 
,_LaL=JI J-ojJI >j_C (j^a XY* •- ^ ♦JJ I_4JlJ£. (.Llj^sJkl obj J (0-^ J'^JJ X^ * * Jj^jj^l 4j_<_al> jj^" 
«C£.j_i-u -il-ij-J (-dj^>Jtl o'jJ J Aj-zp^iJ .,_LaL=Lll J-«^>il jLj ,*jj9 XO • * ^Jj (_Loj cP^ 1 J^P (Ji L ^- i ' . ' * ^"'JL3 
( aJjLjsJkl (Jjt i"i"tl <Ulj_i_u Jtlc (Jjj^^cjJLI 4 'j I La I , I <L«_l5JI (J J JjLi («j jLl^jzI (»j-£- J] (J '^ ' (jr^>- tO JL ^' ^'"Or!- 3 
./■ \ * (Jj J lilr-i jj^O 2 JLLJtXl (J-t« l*il"ltl 4JL>- ^_ (^Vj-l^l 4 I I II > ^-jl^pJJ .jLuJI (_^3tJj/ ^_ (_p3l aj<j| LiUj ' '~^' '^JJ? 
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The squirrel cage induction motors ^L*i«Jl j^lulJ4jjrui£lulSjj6il - \ 



L^-Sj-laJI (j-« ^j^"* ' 11 ' j '-•*'* ' *— a 4 I i all a (_yjL- 



uJI 



>UJ! 



i''-— i '"■ ^_ 4 1 1 ii" 



UUI 



(JUJ^ 



l^ 



4_) LiJI aJa i -' ^ *— - u< Jl>-QJ (V^* ' II ' j Laaji | *_a 4_*_4_>iil paLLail JljJlj>JI (jjjLJ9j (j_a « »/m (_£J-JI jljjJI a »>»«tl 

4_JL^=-a jIjJlJI a ■>»« tl Jlj>.|_jj .( II - Y) J^-< ui jj_a TcjJajj I p ^— > (jl ■ tjaiill ojLjfc L^J *_iisj3 4_lI^1s ^jLXja 

.^j»JI ^jljjjJu jljjJI j < iajtl! tt q < n ) i-JtjLa ^_j-i3^JL>. I -i j*^ ) J '^"' i>t.-L>iJ O-iQJl ajLtaJul (_)^.l J 





J^y-lL^- I I 111) ^yaAAjl ^)l ' '^^ (l * " I ) j^— I '"' 



t _jL^- i i nil ^^LflAjl (_i]j_>JL CjjLlJIj jljjjl q Ja&Jl (I I ~ I ) J^— I ui 



■ ^-» 1 <-;Ji-C- 3X3 - ' A ' ' "' '" ^~*J """ O - " PJ - ^ I j-4j ^j-^ *■>■ ' a (Jjt i*ii~ 4_il Jlj jLu Lia-Lu (j^Lc (^l Jijji 

.4_u_Li>s 4 jljt i""itl d <^\\ ,^-±. Jjlj>o Lj^o gjjt i""itl cLZJI < I jlLa-l, I J^i->JI (-r^l (_JJlLi 
jLllII J .U , „j". ^ L^j 4 ^—j -^tl 4_j| JlJ f»J-C oi"^ Ij-Jj A *- j_Lll 4_ajULa (j-«S J^l L^LajLla ^jLa B-E f-l_aj^l Lol 

a Ix-. , „j", ^ (3X3^ * ' 4-umJJ ^^ fl-je * a 
)«_fljj_a (JjJLiluJI 4_il Jlj jLu Lia-Lu j_^iaAse iLa Jjt i*ii" 4_il Jlj (»j-C L^is I jJ i 3 L^aAseJ a LajLLa L^ia F-V pljjVI Lai 

4 i^.^^ ', a JjVjjl 4 l i ii s LiUj ' '~^-' La £ a 
(jjjLSJll jjj_al~ cJ_^S jJL^aJI (J^L>- ^j_a Jjt ilntl i-jl JlJ jLpJ j_^apj| i_3jj^>- i^^Lc ( \ ~ Y) (JjJtj>JI t^VJ 

.jljjJI j ■>»« tl i kfljJ Jtlc 

_ e^ _ 
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(j 1 ia> /j ■ ■ a ) 






J J ' J 1 >> • 1 1 1 * «y ' <<* 




9.0-9.99 


L 


0-3.14 


A 


10.0-11.19 


M 


3.15-3.54 


B 


11.2-12.49 


N 


3.55-3.99 


C 


12.5-13.99 


P 


4.00-4.49 


D 


14.0-15.99 


R 


4.50-4.99 


E 


16.0-17.99 


S 


5.00-5.59 


F 


18.0-19.99 


T 


5.60-6.29 


G 


20.0-22.39 


U 


6.30-7.09 


H 


22.4-and up 


V 


7.10-7.99 


J 






8.00-8.99 


K 



Cr"^? 



l*U 



o= 



JL^=J^ta (jl ' Lta^ j_LOJJ <_3j(JJ». ( ) _ Y) (JjJLs. 



J j-aj-ILi U j-*JJ l^^' P>^' D"" 3 j'j^' j<>»«tl (jLuiaS SjiLa jf «JLc I jl f 480 V 

7 5 WA /hp < U , .y ,l^^l 7.1-7.99 kVA/hp L^J J "oUI jf j^j (\- Y) Jjj^JL. ^Ul^VL. 

kVA = 7.5x10 = 75 



. kVA 75x1000 

1 = xl000 = = 156.25 A 



V 



480 



^pJI '"'1 alt-jtl oJljJ, Jl^.1 Y~ Y) J^— ui tlr^JJ '*Lj 4j-sL>JI CjLa^mi 7t-»isj3 AJsLLaj cijj^ta J^— ■ ? 

J*1^-.1I J^»JI jLu .240/480 V *L>>4^= J^o J^jj 10 hp <GjJl2 4^-jVl ^Mii dJj^J.1 I j_a (j! ^Lc ^^2 
J L<ajj < 60 Hz ojoj-j jLuj (JajlJ (ooi^ia ci!j^>J,! ! j_4 .480 V j-43. j_Lc 14 A jl 240 V j-43. jJc 28 A j^b 
I J_^J3 (^JLjJLj 1800 rpm i-tloljlll icj-t^JI jl LiUj ,j-a p $ij) 1745 rpm J aL^aJI J-<^>JI J-Lc 4l£.j_^ 



or 













4_jI JlJ jLu (CJ-J9 r-j-jr" i »") jIjJlJI a uajJI (jl j L^aS ajLs pj_j ^1 J j— ajJI j i miJJ. (< . 'I LaS 21 (^yilLij tiJj^>J,l 

SFj^Oiaij^iuj .(240 V j^ jJc 312 A jl 480 Vj^ juc 156A^ajO- Y) Jjjl>JI ^ Jji.V.tl 
J_-aL4=JI J_«kJI (j^a (j-icf XYo SjjLs 4-L-^i J-*^ 'Ah^I 'J L - & J-^" 3 ^ 6 ^ "j) J-**JI Sj Wj J-"^ 1^1 



T ^ "\ 


MOTOR NAMEPLATE 


hp 
10 


Phase 
3 


Volts 
240/480 


Amps 
28/14 


Hz 
60 


FL speed 
1745 rpm 


T 1 1 


code 
J 


SF 
1.25 


\ / 


Frame 
xxxx 


Model No. 
xxxx 


T 3 " " 



(jyj Lau-uJ 1 ^j^Jloj] Oracta J-^J ( ' ' - I ) J^""" 1 '" 



ojj^^ ^lUj ( ) T-T) j^=l. 



(_yj La-., In J I ^j^AStl CjI i 4j^_oLt!l CjL^=>^>J,I ^_ (JjJuIuJI *Ju iJL^Ia ~ <_) 
(J-lL La I jLa t XjjJUI! 4Jplj> j-»-a-Sj (_$ JJI Jj^>J,l idjl in 4_Ll<_J , uj * JlJ Juc (jj^jjtil! tlIj^J.1 lillmJ 
SjJl^JI jJ L<a^a ^_jjj_^= lLsj-lA J I i_£J>|_i I a a j i j ^— i jLu L^J (_g^ i a \ 4_u I JlL)2 I «LjjjI J ,_Lc jj_£JU ) j-*-" 
i^_ Lkj^—iilj L&l J^>-\ 1 g-La j_^=Jl-J jLuJI Ll_i4> jj—o J^tU o Jl_jJlC 3j— 1° (*J^~" ""< ' JlJ t iiJj_je.a.U (_£JlJ<J>I 

.(Y-A) LjJj - i_$'j 7~l~iiil \ (Jj* i""itl «. JlJ 4_2_>j_La (jr^J Lyj . ' ' " (__>*aji2JI CjL^=j^ta 

Y-A motor starting method UJa- ^ij^U^jdu^IJUdj^SjjJa 

fn^— •»■" II ajJ! J I j^'a a JlJi-"i i n" ^.,_l>- 1 1 kW (_JJ UjjJ^ J'^" (_jJ.II CjL4=j^>J,I 4_2jj_LaJI ojufc i—lj-uLu 

j LtajJI (— )l aLa J ua_) (_£JlJI J^tlll (jr-^ 1 S 7-Lla.U J-i-ajjj tiJj^>J,l Jjt hi" IJl-U .(l i ^ £ - Y) J^— i!uj 4-LuXl 



jJljJi jLla-i .(_>- J' : — - 1 •"■) A 3 ^j^j La 



'"" aiXI (J_i^2_J /Joi i*ii' 



-Ll^a 



x_iisj /) •■ ,: — »» ' Lb JlJ£.j (_LaL 



^=JI 



(j_^3Jj (J aL^aJI ,_L«_>JI jLu i«LJj (Jl jLuJI )>_i-La Ja -^ (j_a <_ij^r i u-ll (Jjt i*i"itl «. JlJ jL_u (jia-ajo 4_5jjJ^JI 



«r 
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f ^YYY\,L 1 
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Y UJ* iTuI c.-}j A (J l i t uV'l' l A^iaj 




The wound rotor induction motors uUUl£Jjljdll>^lijlJlkj4^lutf^l- Y 

,_)— a-flJl (jl i LtaJi^j < ~ . i njl I <; i jIjJlJI j ■>»« tl CjLALs <jl *j! ^^y-iLa- LmJI ^-^ AMI . " < I ^— -^ •>■ ^ 2— lAt-tlaJ Cj-iLjJI 
J^— i ui Tc—iisjjj iO_ilrJI j >>»«n ' >l U»al ^jl ) ,~\ 4 j i iijHl_Lt.o ' >l U»al LJ 3 a j a I a CjLcJLo l _ 7 -& J-J (--lLa- i i uJl 
l_£lj aJLlj^sjj >jj^~~ *-" (J^**. ' I J '^* > * ' *-a i—flJLa J^= CjuLgJ J^sjj .«L>-J J 1 '— U (jl ■'-"■ a «U j'j-i J Lta£ - Y) 
7t <i i n~ kt._ l>- jIjJlJI a uaJLJI jjjsLc (_ylc <U_lLo 4 I La fl-La Jjzj-il CjL2JL>- Cj^LL) CjLilXI CjuI J_i Jj-sjj Lia-Lu (Y) 

Jj*''?'" ^jI Jj jllc j'jJ-!' j<>.«tl cjLALo IL. jUI jLiiII jj- J->JI (»a cjLojLHI <>j_<i> LLlij .0 o~ V) J^-— ijj 

J-ti iVitl 4_IL>- jj] iiJj_»Ju Jj_i-i5j Jj_3tAJ "^Jl <L5jjJaJ »jjl jJI (j^o CjLajLSil tfjub /«-2>J '•— -i^ ' '-^^ a ijJj^>J,l 

.(jJj^sJkl Jjt i"i~ (^ J_l (^j-C- (jw9 JJiJJ L4JI CjLajLail OJuJ AjjjQJI JljIj^JI jj^s 4 'j I La I , I 



jl g_lj) ajJaXJ! 



1 iLa 



a jiVm djLa aLLa 




(Jji i"i~tl * JU cliLojlJLo «_o cliLaio jj j'j J J , ^* 1 '" ( ' Q _ ' ) J^" -1 ' 

_ et _ 






.0 *^ - V) ,_)^=ljIiJ TciisjJ,! j_aj_JL CjLiltl CjI j <U^_uLlJI Cj L=3j-^a-l] j_a^jj 




T 1 




^ ^ 


M, 




/ ^_^>^ 


T 2 




/ f^)} 


M 2 




\ V A / 


T 3 




\^ _ ^X 


M 3 




^ — "" 


> 


:^»H 




,•';, 



CjLiUI (^j jljjJ' J)<?t*tl Cili Aj^utUI d)l^=J^>JU J^C 4-flJ^ls - f 

I jLjfc « La 2 ' Lj_Ll>.j i 4-jLALa A. jLlLJI juj_lo .}j_3E-a-i O-jLjJI j ■>»« tl ^_ jlj-S /< i njVil_Lt.a (JLta jJ^Tu 
l 2 ^j""j I flJI Sj_o^=JlJ,I A-j^JiiJI J-sIjjlJI (jr lc Ji_ajJU j-uLlJL) ) j-^- I jj'a J^-IjJJ jIjJlJI ajuajJI CjLoLa (JLJkl 
o'j-yl 4_Uj^^=JI 4_ajLU.I J J iaLiis^Ll J fr>JI I JLjfc 4-a-iJa (jr^C- jljjJI J tiajJI CjLnLa 'A— jdalLI jLuJI 4_a_L3 
(J J <_jJlj*Jj ^j-iu^LllLa JLsta 4_i3 Liuj j'j^l Jibuti CjLoLo IL. jLull I Jufc ^j i uJ LaJLp-j .(I=E/R) CjLaiU 
(_g_jjj Lll I > j--" (J-2-i j'jJlJI j L^ajJI <Lc.j_<_u ^J-i'j LaJL^=j .«LJljjJ (. i i uiJ La.4 0_)L<JI j .>.« u i jIjJlJI jmi 
Cctij La I jLa .4_aj^l (Jjaj ^LlILj 4_t3 jLpJI prllijj jjja (Jiiaj Lj-4 jljjJI j uajtJl CjLoLI, (JL>m * LaJa <LL2J 4-5tjjJ 
j < V»»tl i£.j_i_u jl JjJla f»jj<-ll -^jj ^ J^P^' J 'j j'j 1 -^' J uajJI CjLoLo «_a ^IjUJI ^^c 4 j ^— -j 1 1 CjLajLSJ.1 ^j^«.' 
^j_a CjLajLUj J ^— i f-3j-J LaJua. ^ j i a 2 1 1 <$-lCj—uj J I jIjJlJI a uajJl J uaj (_y^>- (J-»-2Jl I jufe jn ^~~'"'JJ -J IJjJl 
.(-jLa-i i ntl j_^a 2.2JI i_dj^ta (JILa LaLjj '"<! fliXI jj (_£^jjQjl lL!j^>J,I (J-«3-«-l 4_J1_>JI <>Ju4i A.J .jljjJI j LaajJI ajjl J 

CjLoUI ji j'jjJI Ji^ittl (^ j (_£^utall «_dj^>JLl JjluO f. Ju 4- A^ajelJI ajjb _ <_l 
CjI_<3jL2^3 aI JlJt" i ill ^j_a IXi 4-^.jJlIXI 4 ^— ij ■«- 1 1 $.J^j 4_2jjJa fl< I ■ ^— ■ II ■"" ^— m jJLI p )J«» /» a Jiir" i n~ 
U^o jIjJlJI j L^ajJl CjLoLa x_a 4.Li^j^a CjLajL2i,l i j r a *j < < ^— < 4^1 j -q-^e-C-i 4j=d^->JI ijJj^>J,l l_Lu . <Ls_l2JI ^jJlLs 
(_p>-lj-a (jr-L- CjLojLSJII oJ^Jt {j-a 4_Cjj^3iia j Lta^J 4j£.j._m ^_ Li!j^>Jkl TTjJ^J L«JL^=J A uaAse La «Qcj_uj (J-t^vj 
.Li!j^>Jkl pjt» i_3^1Tl>-L) J^-I^JLI <?Jut> JJlC i ajj >i »j . i-4-li==> '"" a j)l 2X1 j-L*aIL) 1 a1 i^^l 4^1^ i ntl J i ^-»'i ^Tls- 
(jr ic J-aTLtj La LjJLa CjLaJUl CjI j 4£)_<jLl!l CjL^=j^>Jkl i|_ ^jLajL2XI j '^ A^j^Ls i|_ p ^— i -»"" ^J-^ 3 * JlC - <-^-ILLtl> 
u-ic- JL-aTuu La LjjLaa (jl—uJI Jlj><j p' : — ■-»" ]| 4_2jjJ2 /- a i n"j) OjLlII j LtajJl CjLoLa A_ jLil jLlJI 4-a_La jj-u-^ 
(jr Ic J^Ltla ijj-^' o'j-tt> j$ Mil Lai .(3X)-^^' -^J-* (3-d!>^ U - ' 1 («-^=^tJ-ILi ^ a i inj) tiJj^>J,l ic.j_ij/ (j-uLS 
4_uj^^=JI CjLLalaieJLI Jl^>.| ( \ V - ^)J^— • ui <j-u_jj .a J jL^ta CjI^j_S (jr-lc CjLajLSJtl j—u^2l 4_ilaj CjLjS|js 
LaJLu 0>Lcl 'A- udj^>J,l SjjIj J-2j JaJaifcXI I juk IL. .CjLiLa (_gj L£hP*^ ^J-^ Cr^j («-^=^>^ l5^ ~ Ail ~ 'J ^ L?- 3 ^ 
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jLuJI f-iLa J_ys p' : — '--"^ o^jl J 4_iJlJuJ p^~~ '"^ ' Jj-^^3 AJ.se5.mJa ( 4-LLml p ^— i -»" ] I S^jl J « Sj 
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aSaJ Jj^-a 
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JjjljjjVl 



iiJjj&a Jj4 nii «jlJ «^3>j SjjIj ( I V-T) J^=uSi 

(Jj-i^jj JaLSj p-j M i_dj^>J,l (Jjt i"i" «.J^J 1 a La (J^L>- jLlLJI ;_g^ 1 n t (Jjt i*ii"ll r I "1 li a Jaj lis Jl_Lc 
JlJLJ p^— '-►" II 2j-j'-} (Jj_i-i5jJ (Jla-u2> (_ r lc M I flJUl (J-iyt-l .Ri I fl-iXI i-La-i » -i" j p_j cH°_J •liU-V^J " ' 
(jljjJ-II 4r ' J 4rf^ td>»»il (jjlj Aj^liJI J^' ^j' J 1 --»"" M 1 aiXI Jjj-ajlbj .JjitVitl ?-Llia J±)->^ 

.jljjJI j uajJI ajjl JlJ 4 I 1 alLa CjLajLaJ,l (J^= (j! l -i--^>- 4£o-i-u (JJSLi 
CjLjJS |Jtl (J^= 4JI Liiisj^ I jlj < 4ljt i"i~ ^j-« <j^-*- a (j-*3 ^ Lju J 4-^' Lr^'J- 1 (jr^j t —*\?" a L>*- 'J' - '^- ^-1 
Cj^Lj Jlxj cLkaLaJ J . ajja JaJLi -i" ) Litu Si /, 1 njliLLt-U 1 all! ,jLi) (_yi'jJ O^lj Jut-i J-*Jtl"J 4 Laa ■ < ^ a 

.R2 CoSji.1 p3 (j^aj (jr^'j 2 
£j 1 n t ^LjJLij jIjJlJI a Ltajtil aj-JI J (j-£- Rl-3 <^OLi_II CjLajLSJ,' j ua-23 Si 1 fl-lXI JaLSj (Jl uaJl ) 

.R3 C^ji.1 p3 <j-°J S2 ' ait I aj^l J Jj^Lc-^ R2 OJ3 j-U I Jljj i$j^-\ (jr^'j^ ^!^J Juu 

_ 0"\ _ 
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1 



.|_£jj>.| Sj-a i_dj^>J,l kcj-uj l\lj-i£ R2-3 CjLajLaJJ j 1-^5" S2 t—flJUl AJa-ULg-i 

*_ia^j3 S3 /, 1 ujJal '*l' ' fl-iXI JaUL) J i-Vi" ^3 (j-*_J (3^*^' 4r- ^3 CjS|JLI I Jljj i£v»-i /yJ! 9-1 O^G Jl*-i 

^ j 1 .*-. 2 1 1 £g.\ mil (Jl tiJj^>iil <Lc.j_uj J LaJ ^JLjJLij jljjJI a uajJl ajjl J (j_a R3-3 CjLajLaJll (_^9L) 

4-ILa.LLa M 1 LiXI J Sij (^JLlJLa i_3l_Hj^1 r-bi-a ^ylfi. lUaj aJ 4JLa t±!j^>II J-Lt-iTuJ <_flLajl Lojf I jl 

lLUJl^sj .lL!j^>JLI ' ^^j'jj CjLjSji.1 (J-^= (j-C till Jl^= j ^^1^— ijJj^>J,l jj-a jLjUI » la a '_' («J O-^J 

■ (■mi n (_^V j j 1 <a 1 1 , 1 j j LaJI I j] ^/- Mill (J-ujLi CjJljso 



Synchronous Motors XLuljUl uLS^l - r 

LSLLaJI Jjj^J a*La^= fLajjL) J-liTlj ^JJIj <UxjVI 4_u}G '~'t ^— j jJ ,1 (j-a ^JllII pa-LlI j-<k I JLjb 

: (^r-Ll La d ■■--» il i.-^-L jOJkl^ ,d ^^~~ 'J ^~'^ / ' A^U^ J! 4_iJj j*— ' II 

4_<ijLJS C<ai i_<]j_>Jk1 I JLjfe J^JlJ "^ LiUjJ duLill Jibuti JL=ta ^^ jljjJI j)<>ittl JUta i-UThj V ~ ^ 

.(JjUsJI ^2>C- J La.111 Miai ' <lL)L) <Ulj_u/ Jtl£. tiJj^>J,l JjJ^-> - Y 
.jLlLII Jaj. jj-oAj (_yic A_l^=jJ,I CjL^=j_^-«JLIj <J i ai I] ajjuill JjsLi.a ■»■ ■»■ uaj (j) i_l!j_iwJLI ^j^— 1 1 ' - V 

CjLoLs £_ jljjJI (JL>J.I rbJl 4JLjJa £- l£>*-^' -^-iH^' jW^ '~'^^— 'j — a *-a ^yualjjJI tl!j^>J,l 4_>Lilj 

(Jj^>- ia^iLa L4JI ^?l 1 " 1 1 a 1 1 1 j^j (J^jjLjJI tiJj^>J,l dsLola jljjJI Oj l^C CjLoJLo 4j1 hi" lLUJl^= (C^jLjJI a uajt]| 

jj LtajaJ j_£Jljlj ^JjsljJlII dJj^sJkl (j2 I) La 'j .( 1 A - Y) J^-< ■"■ ^j-a •»■ < >»"n 1 -i^— ■ jJLualLa <LajjJaj jljjJI a ■>»« tl 



. CjL2JL>- Cj^G [ ^_yi z Ju lLj ^^ ^zj-il LlSla. Ajiieli 



IjJ 



j^ 



•J4 



LG 



J 1 J 



' aLa 



^11 jj^aadl 




AaJjjjS (ji^S 



o-ywV— 



x_o (_y-olj3 tiJj^J. jljj Jl^f ( I A-T) J^-i Ml 



«V 
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_a21\ cjL 






c J_J (-jLa- i i nil 

jj-a /^0 ^Ij.^. (J! dJj_j*J,l ic.j_<-u J uaj LajL-Lcj .( \ \~ Y) J^-— luj (jfi-i-a j-ifc 1 1^-— jljJ^I J LgajJI 

^j-C jIjJlJI a LJajJI '"" all j a" i na jLp * i-<-a (J-u-ajIi-i p^— 1 -^ ' ajjl J f^J-^J OjLlII a uajtll jl a jJI (JLsJkl <Ulj_u/ 

l_a-4 A_lLoIjIl!I <U1j mil (J J dJj_>Jkl o'jj-^ ^- c -J-'- u ?-^J^ l? ' "J^>L^*- a (J^?- ^ ^J-^ lBX) - ^* ' '"'^ *^ tJdL^ 3 
(j-o-iSJI i_dj_^e-a-^= ^^yl^alj-lll dJj_-v.l I J— **J IJ fljj t 3 ^— -j -- 1 1 «. J^_i (jL JaJ3 (j-C jLpJI x_LaJS 4_jlc t_^JipJ 
^Lc A pj_ ill ^2>_a ^1 i i^»£tl ajl_a ^jV I ) La I j^Lc 3 ^— 1< a. «.J^_i aJ_ «j ■"" ^— »j >J,I o J_jfc J_uijjj .^^La- i i oJI 
£-. jljjJI j uajJI 4_) jJu a_Lc l _ ;7 _& CjL^=j^>Jkl <>Ju4> (J j t i"i" _U£. LfcJii- I t_i^>-ljJI CjLLaLuj*. 2 I &JtA (j-aj .LajLoXI 

.(jljjjJI qj& fj^— i o"j (j,j->- j a" i ii 1 1 jLuJLi <L^=j^>JI <ul Jlj 







j a" i nil jLjjJI (_£JuLa - i_i 
^-Lt-i^ji < a" i n a jLp Ju^a .a I Jua-'i i nl I j* a < a" mJU jLpJLi jljjJI a uajul CjLiLa jl Jua Jf (jj^^ 3 » JlC t-lILjjfe 
■ > a" i ii a (J! JJ^m jLtlll (J_5-> j (jrLiP^ 3 -^! J . l£ Jl *- <3 t*' -^" ' "' J I d mAj Li!j_>iil Jijjsui ^j^s 4H^3j a. Jl>-I_i 



«A 



2uiLiJI3i*jJI 
'4Uj^JluLS>»l!juVi*l! 










Single phase motors 4?>n kab-i uis^w r- t- r 

J-Lt-Ju *JlJ <j? dwp.j .«L^_aJI (_£J>L».| -i-ip-U jLllII *_j-La j^ljJit I j taj Sj-tiL^aJI Cj}L»J,Ij iljjbUl j^-,1 Wl 
j^j_jj V mJJlJI J— **' C<-j11!I j i>i*tl 4_ jIjJlJI JLaII 4— it-Lila ^ If Ju_«j*j 4_^.j^/l 4_u>Ij Cj1_^=j^>II 

2j^_5i,l Lglcj "■ JJ J L<aj LoJlJ£.j I j'^^j *■ s-^ 1 J! 3 I j ' »j Jj ttITcvj L#JLa I jJ 4-»-j-tl <u.sL>.| CjL^=j^>JkLi 

dll qJJLI 4_ulaJ9 (j_a j-<-*3 -i-ipJtl jLult oj-<-*lt, I 4jt-uiaJI j| tL-p» «L»-J 2I 4_u}lj Cj L^=j^>Jk L^= LaLjJ J-aJU L4JL3 
JlJ^lIII (JL^ta ^_ a I JlJt" i 11 2 1 "j 1 j ■"■ Jlj>-IjJI «Lj>-jJI CjL^=j^ta (Y~ Y) (JjJu>JI TciisjJj .2 Jl>-IjJI SjjjJI ^_ 



1 a ' i^au 





(V)jLuJl^ 


^J^\& 




0.05-0.333 

0.05-0.5 

0.05-5 

0.05-6 


230 j 115 
230 j 115 
230j 115 
230 j 115 


^*l \ 1 V/^— . fl JJ \ • 

-^ l| \ 1 Vi^-. flj 2^-^j ~*\\ r 1 1 1 /Tl<^-I fl j\ • 


0.01-0.25 


230 j 115 


Jjj S ,", 1 1 1 , U £ 1 1 1 1 \j -*■ a - 



*\ Jl^t'ii 11 2 1 flj 1 j ■"■ «L>-jJI <LoL>.| CjL^=j^ta (Y~ Y) (JjJl>- 

tpljj^l (JJl-J 1 t-i 1 11 j a 7"J-^u (jyij La-i^j 

Resistance split-phase induction 12ujQI^U12lS^*J u ojiJjUjJ ft^lA^JI d>*4 - ^ 

motor 

l_a-Lu (-jLa- i 1 ntl (_^a aJLlI pa_) ^j^a jljjJI o^uz£. t Jl>.|jJI «L>-jJI CjL^=j^ta aJl^I (j_« fa-ttl I J-fl> j-uaj 
1 Y * - Y) J^— > ■"■» (j-U-a J^ < t' : ~~' ** ' : ~~'j **■ ^ I «■ JljJ jj>- VIj JLlt-U (j-tj mi" It I a AJl>.| (jl aJ a OjLlII oajjaju Jl>-jj 
x_l£j 1 ^11 1 n (j_a 4^=j_>JI £_L) 1 aJ a « * 1 a ) La-i-Li oj-lx-u* A^ajLa^a 4j 1 du ai 11 1 ^11 1 u (jjs 4 j 1 nj^j-tl CjLaiXI » 1 1 ^-" .(! 
JLsJkl 4jI <5u La LlUj (j£. g--lL^ (>LaiI,l I^_ ^jLpJI ^ j-^-j <_Aii'j 4r '-^^L"l>-I J_^>-J J J mJJsJj Lj-a iLajLoil (jrtLc 
ic.j_ij/ (j^a /VO f^3\^>. JJ tl!j^>J,l k£.j-LU J'^-" LaJtl£.J .jljjJI j i^»tl A^=j^»- «.JlJ (^yic JlC.1 iiiJ mJ JJI jljjJI 
jIjJlJI a i^»»tl 2j_jI J (j_a 4 ^— >j -- S I «. J^j (_aJLa (J-La^J (4 ^— >j >JI «. J^J (J^>-j^a) r-l "iiia i^J-^- 1 J al^aJI J-a^KJI 
CjL^=j^>Jkl (j>5 fj-iJI \j-& .(^yjLa- i 1 ntl ^j — . A ^ T 1 c-jj ^^yj ^jjjG Li!j^tA^= ui!j^>iil (J-a-«-i jijjtl£.j «Gcj_m jljjJla 



»^ 
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* rSlMb — -VWW 



a£j^J1 f. jj ■ aLa 



4 



:# 



"* 
» 




rvM^ I 



cs^^ 



jjjll ' tti all 




if O 



rJSSt^ 



r^m 




rSim^ 



-i 



n 



» 




r5M^ 



ajlj 1 bS rt oj 



ajlj i SuS "j 4£_>aJI t jli i iuS " jj 



Capacitor-Start induction motor 4S>*1 I * ju LiiSU ji ,wii 4^)1 4>*« - r 



pj_Lll ^j_a I a .^-» 1 1 | Ji A, "jj ^-< » l_a S m g .(<— i t Y * - Y) fj^s—uj ^j_a -» i jail ) I a ^~~' jljjJI j L^ajJI aj-JI -i 

<Lc.j_i_u ^j_a ZVO ^Ij^i. ^1 tiJj^sJkl <Lc.j_i_u (Jj_i-aj Jljlj 3jjI JlJI £j-a <=> 1 1 <a£ (*UJJ (,_,"' J IjjJ " ^~- ^0 (_£jLa-i^=Ljl 
4_a_L3 j"^i «LJ j-i»-l-i (J J i" i ii \ ' V*i^-»tl | jtjj, i_Ji!j JlIcj .(Ja-j^a jl i_£j_^=j_a -ljUa ?-l"iia JjuLi J aL^a II (JjusJI 
i_dj_>Jkl j»j-C ^r (J-* 3 -"*- 1 (jJ! l^J-* 4 iil"AeJJ 4 t i ntl (j) i>t,_L > . * '( iM,l (J-iS £ya L$J (jr u3jJtl Jjt i"i"tl Jl£»-J 4jljj/ 
<L. 4_Lc ^paU" inj I jj 1 ,^A^.;^i a , i ^>, ^jL^a I jl (J-Lt-iTuTiJI I fl-t^m J_aJ»Jj ^? JlS LiUji^a .(J-Lt-iTuTiJI «.JlJ Jilc 

ij-ja fj—cJI lJ-jJ 4_^ljjij3a^ ajj-ca (Y^~ Y) J^=_i T^isjjj .^LjlJI J_a^>JI Cjlj (Blowers) CjUi-LiiJl 



1. 








1^jjx}\ (^jL 1 a!i^u9 jj p,.,^ll <L>._j]l L*Jj_=ta (T I ~T) J^auSi 

Permanent split-capacitor motor (ojUJI l^SUI j^ (o^^l a^-jJI ^Jjjm - r 

aj-JI J ^r •— *-*' ^ ^"^— » a i (_>- t Y * - Y) ^J*-— ■"■ (j-a •"• i : -"" I i ^~~* CjL^=jl>J,I ^j-a pjJJi I J-4> aJlJt" i u < 
i a ".^—11 ~ I l^sj V I j_J .Sjj|j_JI iL. 4_ajl.i 4-o_«^ij ^ ajja 4 ^— j^tl ^j^ c_aJLa ^Jl Si Liis V Li j I J JlJ I j .>.«!! 
zl (J-L^S y-1 "nia (Jl r-LLrHj z (_Lii (""it! (_Lj-i-u i_£jjl>J,I ljufej .«LLa 2J_i OjJ-JI i al^a a aJl-Jt" i njj ) ,"'^^"'^~' 
Jl r-LUjsoj •*-^'- c - 2«.1_A^= CjI j '"'I *^- >j >JLl 0j_4> (jLJ3 LlUi ^j-^ pjijJLlj .^jJ^aieJLa jj* iVm 4_)l JlJ <^_ 'Laj-C £)l 

(_^Ase * a jLu 

Capacitor-start, capacitor run |Wb^&j^>^UJuUJ&ji|*^l4^>nd>*4 - t 

motor 

jli La_a>J_».| (jl ^".^— * ^JlJt" iiij ^.._L>- (_l!j^>J,l I j_a> '2— 4J==j^>JI *J_l SJLu-uJ ( J < Y * - Y) J^— ifu (j-uj 

■ 2 -jj 4 uaAse * a 4"t i n^ j^>-VI Lai i J <^3 ?-l "ni a *_a 4 ^— >j -- S I «.J_i i aJ a x_a ^IjUJI (_yic J i - J1 " 1 a 4_lJui Aju^j 

SjljlJ IL. -ajiir" inj I JlJ Jji <.Vit| 4_j| JlJ '2- (*j-C (jr-^ ci]j_^>J,l 1 3-jJ .jljj_!l J .>.«tl Sj_jlj> IL. 4_ajlj> ia_»^lJ 

The shaded-pole induction motor j^^iuhiMjJ^gjttfidjAil- o 

4_)l J_) A_ 4_a_^c | j'— I ajol 4_l>-IJ (j_a ajI jJ! i a <^-»tl ^j p ,„^tl cU>.jJI i_l!j^ta dJ^_j>J.! I Ji_& JjiLa-i 
.(YY~ Y) J^— > ui ^j-a •»• » Vm 1 aj=3 L-aJLa 4_i Jj i"i O-jLlII j uzulI] i >l La^l ^j_a ( i_La£ (J^ 3 4r ^-^J- 1 '(JJ* u.i" 11 
OjLlII j uojuj 4_lcu_u^JI CjLalll /Jj JJ^l'J,! jLuJI (J '-^' LaJ-Lc 4 ali a 2^jl J jlj^-*"'^ J^"' j'* (j- 4 '** ^ J ' -^"" 
,JLj>J.I (J-t^yj 4_ajjJ^j ( _ 7 _loj_ujJI ,JLj>J.! x_a J_cLali_ii 3j^ '"' CjLala ^_j_uLl!Li I him Li ■ ■■y^' *♦ a zL%^s jLa 
ijJj^>J,l I J_a> (_^a-il '^"■- (j_« ■=> " l ^~~'j > «■ J— i (j-a jljJ_II a uajul (j ^— » a ' 1— a-a i LJaJlll cLj>.j J^-^- JJ^- 1 J ' ^ "** 

(J-ii i"i" f. Ju (^3^" (J- ?T*-*l>.j (_P-!I <--ll Sj ■tt"tl ^_ aJlJt" i n< 3^-2 I jJ (J-lJl i*i"itl 4jl Ju A_ £ ^ a > £ - (J^ 3 ' ^*-''' 

_ n^ _ 



'iuj^:!uLSjjaijju^3*ii 










—\-d=zCii\ Cjlj_j>-J ^_ a JlJt" iii>j (J—ijls (-Ijt i"i"tl 0j «_Cj Jaj ■■■' liJj ■> 1, 1 l_X_A .CliLi-Liillj T-jlj—U (J-J-a 

Sj '» i aJI 




Starting relays for split phase induction motors (Quint I A^^JI uL£j»t4 ^ <A£jJbJ 1 1 JJ CJJJb'j^ T- Y- Y 

J »^~ LoJlJ£. (I ijj^J* ' * "^—' a a I i—fl-ba) 4-^=j^>JI «.J_i 2 i>_ i| J (J Lai ) 4_^=j_>JI *J_i (J^>.j-a ao_2-> 
,J^>.j_aj jLuJI ,J^>.j_a 1 a ft Cj^L>-j_tl oJufc ^j^a L. Mr J ' J H unj (J ■»'*-— M (JjwJI <Lc.j_uj ^j-a ZVO i_l!j_>JJ <Lc.j_uj 

.J^>JI 

Current relay jLuJI <>>« - ^ 

i Ml i » jj-a CjLiLII ^j-a JJlC ^j-a »jj^~" '"'JJ ' 2 >j| Jul ^_ jU.1 jLuJI 4.a-L3 (j-o^. JjjjJa ^j^l (Jj^jJll I Jufc (J-a-*-> 

La 3 jLc (_P-!t ^u^a^il^l lLsLoJ J_ys <lc.^-<5_^4 J L<aJ OJ9L>J ^ lulal '♦ o ^-» J-4-xj (_£J_)Jl>. (_J-3 Jj^- ' 3 j a I a i Mjai u 



cQaLaJ Cil" i nj.ap.II ^jJ.t-1 LaJ_Lc 4 ^— <j *- i I «.J_i l_flJLa *_a ^^IjUll (_ r !Lc (j-u^a^llll JaLaJ J i alu La-I-U (YV - Y) 
-il-ij-J *l_u^l ojuk IL. .c±!j^>J,l JjJJ M-3 4^=j^>JI *J_i cola Jl J loo *$ LaJ-Li JjJLiill CjLala J J jLuJI J'^J 
i ail jLp-II J ' "-/ a 4 i na^Lj JaLaJ JjJJuj (J 3 " J-'*' iLa-Ii i"/ a J aL4=j II (Jjj^JI jLu i_sLti-is I Aj^Lj ^Ijj*. JJ J^P-^ 
jLpJI <JJL ajjjm kcj mtl (j-a ZVO ^Ij-s. ^J ciJj^>J,l ic.j_u J i<aj LaJ_Lcj .ciij^sJ,! JJJ-jLS i^=j^>JI «.J_i 
La-Lu 3 ^-— j >J| «. J_i L-k-La A_ jLi.1 jL_lL!I ' a a j"'JJ 4 in<Xi doLJLi 7u_al2 41u ■ "j'"*' ** a J S" j (_L^jJ.I ^_ jUL! 

. ^t«j da a 7i \j U i 4JL1X. ^_ ciJj^>J, I j o" i u < 



It 
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QUA 



id Jalij <^ ' '^^ 



lil ■ ala 




O , O O n „ ~s 







i — nrm 

/ 

Potential relay d#t! I <>>« - r 

c J_) ' ^ " ^— i a ,_CJ -< , ,. St I 4_5»^JI Ui!^_^« Sj-j'-i ^)-" ** ' : ~~'J *- i I c JLJ ' ^ "' -: -— ' a J < ^ A t fj-Lll I Jui> aJlScH ) u j 

£- CljLjJI j i^.»tl £_ » iSiLUI > j-^-tl £_ a jLjjJI (j-u-»- (jr-^ J- 3 "^' ^d>^ J-aTmjg ./a_jl J <_ii^=_aj A^=j^>JI 
ti—p. tllj^sJkl ej-5lj 4r J-^J-^' ''- )Ljb '.'-^~! Lp ^dL>^ (Y^~ ^) (J^ 3 ^ T^-^Jdi -j'j^' j->»»tl ^^— j^ 4_JL>. 
(-JLc i 3 ali a 3 jLc /. A (_p-I' ' 4_i^i^a^G JqLSj J i-Vm LaJLu 4 *—^j —■ 1 1 * Ju_> ck-La *_a (_£jlj_lJI (JLc 'LoJLa j'^"' 
> g->JI J uaj J aL^aJI <J_aj>JI icj-i-u (j-a /VO Li!j^>J,l icj-i-u J "■»" Lajtlc .4^=j^>JI «. JlJ i ^"^— * «_a ^IjlII 
^j_a *> ^- ij -- ] I «.JlJ l '^~^-^ a J .^>A*^a 4 i na^G JaLaJ 7t-J-2 (j_a 4_aJLa ^j^— i i i (Jill 4_a_ui]| (J] (J^.jJ.1 (_ylc Jj .' V 







(J jT iTl'l 




-HI 4f 



_nrm_l 



(Ja.^^all i_iio 



cd^JU 4i=^ *JLJ S&>A\ J^j-a (T£-T) J^-i, 1 : 



Overload protection djljJl JduaUl j* utf>*il 2uL^ t- r- r 

J_ajtJL! a_5ejjJ i a D]| <j_a tiJj^>J,l ej-Slj a_jL*j>J overload relays Jl-jIj-H J-a->JI Cj>U-j_a ^JlJcT^l-uj 

jij ^—>~ (j| (_<_>.j 4_iLa->JI »Jlj>-j (j| i>t._L>-j .(_^jlj_>JI jjjLUJI 4.i_lo La. /^-l^- 4ljt i"m J^ajju I ji'^«"j JljIjJI 
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.(-jLuJI (jjudj ^jj3 4_>ijj_ilu a JlJt" i ii \ jj>- 2 Ij ^JUjJlLI 4*JL)L3 aL>J ajLa ^ajiir" i u \ I a AJLa.1 



4j_jjil 



»U^J a uUi 



^^alc - 







^X^ (Ja.^yoll (Jji/L&j ialij 




DoWj^J iLLs ^UUI s^Laji jlSIjJI J^>J1 J^-j-c (TO-T) J ^ r „ 
The solder-melting type of overload jLjlLJlbLa f»Ld)l3jUjJdJljJI Ja»1 I J^>« - ^ 

4_i^jjVI ' La '"j ~ .4_j_)L) 4_jo-uI (J^-lj JjjjLc L^J Ci-iILa 4 ii ma 4 l->f £ys (l < YO - Y) J^-< ■"■ ^j-a ""• t^ajj I -i^— 1 
(J-x-isji,' jLuJI Ja a. *_a ^yjl^jjl (-ic J 1 alLa < s^ojjVI (J_a^*- i_3a^JLa ^jLa- 1 u J^^-^-i .>L>J ajLa *> La ■ u| aj J^aLdLi 

i_j_ojt^oil jLlJI jIjJ-j <-dj^>Jtl (jr JLi J-*j»J1 Jjj-j Lajtlc .(-»- < Yo- Y) J^— £, ^ -»■ < >■" j 1 o^— i_dj_>J,l Jl 

4_1j&aJI jjJlJiS ejj_u 2I (J^>-l J 4_^=j^>JI j_aw JijjjLjJI "*• • • ajj ALaJJI e ^La j-Q-La uJ& ^rLa- null j <^i<» (J^L>- 

.(<-;-! ' YO - Y)J^— ,*:, t( J^».j_L| jjjj^a^ij JaLaJ J I a a *"'■* 4jlsIjJI (J^L>- (j-a Lfcllg (jiajLLlI JaJLLJaJ <L3L_uJ 4 ii i aXI 

J*— i ■"■ ^_yji i^-i-o i^- 1 ( -^>^ >l i' * ^~*J "*- i^-ii- 1 7"i"ii a i aj a x_a ^^IjUll (_ r Lc 4 1 1 gua ^jji^oM^I' LLsLaJ (jl i«t-_L>.j 



"-1 



jUjoi 



^> 



o 







M 



HI — oo — 




jljIjJI JjuJ! J^^h *4 cri>4^= ^j- 1 " (O^-i -»«* SjjI j (Tl-T) J^-i i 5 :. 



Ii 



2buLx)l3Jb>N 

'iuj^:!uLSjjaijju^3*ii 










Bimetal type of overload t jJjiX\'^jiy'^MjAi\/iJj\^\ t JAffii\ t jff-y - Y 

<LLLJ3 aL^JLII e jLa (_^j (J^-jjiil 4^-i 1 M.a <LajjJaj ^JJjlJJ i»-jjj_a 4->.j^ *-all jj JljIjJI (Jj^j»JI (Jjj-j-o JjWU 

jjjsj-II ^j_a S^ILa <LuJl*J,I 4->iJ^ Mill Jl>-G Jj^kJI s-SLjj Lnin (J'jj J^*- 1 ■ l -^J^ >l i' i— ifljJJ ^LlILlj ^jji^s^ill' JaLdJ 

• l_£jj>.| 3j_a (3jJuI *_iisjJ jj^i^a^LlII Jo I 2 i JjjlIS -i^p-J 




(>-aJ I i^ 1 — tjLjjjJL! 4JL1LJ9 ^Lrtill a^Lo (_£J J^SI^JI J_*j>JI J-3-J-I 4_ilj^.jJ^a »JJ-i^3 (YA _ Y) J^aL-i LT4-J 

.(jJmJU <L»-j.ij-a OkJj_JLJI (_^j J^lj-JI <J-«^>-I' (J^-J- 10 "'J3 J ^ a (Y^~ Y) J 1 ^ i"i 
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ijlcl 



Jji-iill 4jJoiL^Vl iaJJiidl 





UiLo 



(jLijJiil 4LL3 aUeUI s jLo j i 



j^ j^ (TS-T) j^ui 



i>j._L>. JljIjJI (J_a->JI Cj^L>-j_a ^j-a ^jlj^-i ^jLcjJ I jj a aJlscH i u ) «L>-jJI 4_oL>-l CjL^=j->Jkl "j >Q j » '^ I ) laJ 

.jjji>sMj-I' lIsLSj 7tJ-2j 4-30^ i"ill r-|j_Ajl (. 1 1 1 n t Los ^JJlsJ.1 <L»-J.}j_a 4->iJJ Mill (J^L>- Li!j_>Jkl jLu «J_iI/l_L>3 J-<J-> 

.(jLiejj/ ^jjJlj^ jj>-VI Lai tjLjr 1 nl -Sjlj-a I a AJl>.| ^^-^-J-^' (j->Juk (i * - Y) J^— 1 ■"■ tl^V J J 
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L 2 


lyAiM i 
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L 2 
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(■£ >=-° ) 




fl^fl 


la. 1 


nnnl 


^Jb^ 








1 jj=^.j 




(jla^ii 











Relays jLu)lu}b>«o- t- t 

jl—uJI (J La£ j I (J^Lj-ajj (jr-^- (J- a - < - ) 13 ' "jt^LLt-a (JLaia I j La. I ' ) JlJjj-1 ^ J 'J J ^~~' 7 IL Tp'-^- a O^" *J'- U - (jr-* 

(J_a^>- i_3jiil a ^j^j^-a 1 ki a £yt (X \ ~ Y) J^—i i"i ^j-a ?r <>m 1 o^-> ^L^jJ,! (jj^~>"j ■4-4*- a SjJI J <j^ (jr^J <3 ^~~^ ' 



4_lk3L>. ujJljso diJ9|-a ^ njVil_Lt.a ,Jj ^JljJlaJI <_JLo!l (Jjjsjj 1 all I Jl jLuJI J uaj Lajtlcj . JjJlj»JI ^j^a c_JS 
(J^>-jJ,l (Jjt i"i" (J-;lS 3 -*-j"Atl JaLSjJI (_ r lc (jJLLajj -J-^>- VI ^)^« ■ II (jjJLijj f^yj-ayd JaLSj j_^ia-«J -»-".V*,a 4jJljJl>- 
4_ 4_jf da ^NjJ -(NC) 4 alLa aJiLc 1 felg Jj^j* a JjiiVitl Jjl XliLa jj^— ~ ^^Jl Lai (NO) is-jlla SjiLc 
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^jjJI CjLiJljJJI lLUj Jl^Jk] CjLjJl_iJi1! xJLa I aia *jLgr"nMj 4JLs <_J»-j-U J-Lt-iTuJ 4- -^-tH-^ J^i^' j»1JLseIu-u1 ULv 

.(V ^ - Y) J^lAj t>uX! J^U ifgJLj J^jjJJ j-a>£J -J^-^' J -l>-^ ^?^ O Jlj>J Ju9 



j_^a^lj JaLaJ 



Aillj Jalij 



ajiaU 




4_ljuiil *jLa I iLa - 






O 
*o O 
o o 



o o 



o o 
o o 
o o 
o o 



NC 



(J-^ L 



c 

o- 



<b NO 



■ UnntJ^CYl-T) J^J 






.(YY - Y) J^ .^. 1|_ (J-Ljjj jjb 1 1^— • <L>-j.}j_/a (jjj^a^Li tlaLaJ 4_i ^Ltll Jl^jjeU Cj^L^jJ^I (j_a J^=*-' f_jj t-lILufcj 




(jiW^\j Jalij 



*£ 



v^_Hl 






1 aLa 



J Lii \s Lftl l o * oC- 



tiJjJtla n,^a jj J^-j-a (TT"T) J^=-<i 

^_ p ^- 1 Sell " Sj j-*- ' 4_j}1j (Jjt i"i"i> (»J-2-l ct.— -1 L>- Cj^L>-j_II ojLjfe CjLal Jiir" i ul Jlj>-I (YY - Y) J^~* ifuJl 7c_iisjJ 
4 1 ria^jj JaLaJ 4JL>- jjJlUS (FSCR) <LaLa Ja *♦ 1"" (jLj^aJI ?-LLiLa Jjli-i LaJtliLS 1 a-Li^aJ ajjl Jj s-'^J' ju^lo 
JjM-i.1 Jaj nil) Jag 1 <>»tl (JjJLifujJ (jjj^l 4 Laiil?l ^q-mlfl ((j-LLa 5jl_C vi— ILiJIj (jL^-jIuLa ajLc (jl-Sj) AJ^iUI 



•w 



2buLx)l3Jb>N 

'iuj^:!uLSjjaijju^3*ii 






jaiaAxJI 




dj 



Contactors and motor starters d>*J I jdti^gjuUajjLuJluiL^v r- r 

jj ( _ > A2itJ_a jLlli J-a-*j ^JJI ^MijVilim 7-Li.U (^ic aJ^jJL! 5 jLc Relay (J^-j-U »^^» *jLsr"n»j 



aJlJt" i n~^g t 4__J Lc CjIjLjj ^La-jeTiIiJ 4 ina^ij JoLJL) pi 1 all a Contactor (_Lu3jJU Lai 1 <j_sj _L_^a ^u_a^ij JaLiL) 

<■ j -v^~, JlcI 1 nl.1 jj.uja^GJI lLsLoj aJlJt" i n"t >( _Lv>JI ^u^a^ij JaLoJ ^J] <LaLis 2L) a JlcI 1 u-a ^j-u-a^M-J lLsLoJ ^^L. 
(_)_>. j_a ^j-* 3 '^■S LaJ ijJj^sJkl (Jjt i"i"t r-l ~ t-T t. ij^-us (TO - Y) J^~* •"■ tl^J- 1 La-Lu Cj^Li^sjJU Jlj>-V »JJ-*-^ (Y£ 





j^. (T£-T) j^i 



JLilj (_L^- (Ja-j-aj liJ^ta Jjt 1I1" 7-Llio (l _ I ) J^—i i"i 



•u 






.4_iialjj]| 4-g.j intl t-Sj-C - £ 

.60 Hz o^Jj3 -i-tH-^ jW-V J-*a-v i—iLtaJaafl ^L-li ^j^ l±!j^>J, LlUIJjJ! icj-cJI i_mia.| - o 

Icj uj jjJ>jj ' 60 Hz o->->j3 <■ ^>-jl ajM^II l^- 5 -sj/j-11 jW-^W J-*a-v i—iLtaJaal (j^Lij LiLhP 1 -' ^b- 1 " ~ "^ 

.jVjJVI aj^oJ (_m.m">.| .1750 rpm La>jl jJLa 

4Jj 60 Hz tfjjp t i>-jl ajMilII ^ i JJpil jL^JLi J-o-*j i_ iLLaJaal ^LS i^fjtj i_d^&a <cj-uj >. <<»-*•) - V 

. 6 % 3X>^ 3.""** 

.jljjJI ji^ttl cjULo 4- (^-"Ldl ^jJibJI JU4I SjS (_yk. 2jiijJ.I SjMHI J*Ijj<JI j^=i|- A 

.(-jLa- i i ntl ^aAaJI dil j 4j_jjjL1II CjL^=j^>Jkl (J-«-C 4_2jj_Li 7"J-^"' ~~ * 
-}-ip-« jLlL (J-<WJ 10 hp ^jJ^ (^yjLa- i i ntl ( ^aA2JI pjj (j-a i_£>_uG dJj^sJk Jjt mi'II 4jI Jlj jLu jJlS ~ ) * 

• ( ^ ~ V) JjJl^JL c j«"imI .C £j-Ltl (jj« jljJ^I j«^«t| (jlj.^ SjLo (j| aJ^. lil ( 480 V <>J&>. 

.^-jLa- i i ntl ^j^» Arttl CjI j Aj^jjQJI CjL^=j^>Jkl (J-ii i*n"< *JlJ Jjj-* 3 ^ l> -' r"J^ ~~ ^ 

_ ^ _ 






,rt i ii a 1.1 «L>-^JI 




.^ irT>p II 1 1 1) n i llrj -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 










: ( _ ;r l£. IjjLJa i_JLLaJI (jj^-ij ajua^l <J J-* J o'^-i" Lajutfl 

■jq" i iiVJUUll a JjjIjJI i_ajLlij <LSjjl>s .Y 

.CjIjI JulIIj CjLjJ9|_Uj Jjt i'~~(\\ Cj\j '^— > a JiLa ^1 ^1^— ",t I jjljjJI (jJsjlj i ajl laj /<s^3 .X 

j o") nU jLllU (_^ JlJLoj ^j a a -»■ * I J ' J7~^ J '^~~* a (_p- a ^rPJ>^ =L ^^' ' J^'J^^ CjULulaj ,j^« ' (J-«l£. . £ 

. ( _ r laj Oj9j-« ajjljj jIJlC ajjljij 

./^ * ^j^l 2jl Jl^>JI <>ju4> (jL23j 4 j i aj (JJlJ ^? (ji - 
.«Jl>-_jJ| |_£jliria ^j^a / I * * O'-s (_r i ' ! J^"^ (J '""" O' ~~ 

:3d£L4l JjUjJI 

t— ib^aJI ijL^J £- ZjjArjil *^IjJ,Li AJU'miVI 



V^ 



uLujj&tfl glut 






jaiaAxtl 




Semi-conductors 

Solid-State S JljjL>JI 4_JL>JI j_loLlC *lj-JI ■ a J.! 1 ^"' 4-aJaJI IL. p^— "»"' Jl J-^ljJ O- JLjJL*JI aJlsbj 



l_£jj LT4-^ °j-4*-^ OJLjb 4J|_i_lo l_J talj I JlJ ( A j, molaLutllj A-^auuL^auiII ej_£>.VI JJ A^Liis^Ll devices 

.Lfe>-LC.j Cj^Ls-jJ,! JlLa AjJllLoIII j-ualltJI ^J £2Llo^L) S-Uj^l^aJ^I ej\^>.VI JLtag |j diljinL-uLi <ulj-i 

/«_luI I felg (J-LLaJ -i'j-a (j-a ell I jj"i i ij-l \jlt} I J (jLuJI CjI Jl>-j^o) CjIjijjI jJI JILa SjuaL>JI <UL>JI jj^sLlC » * . aja 

.Cj^Li-aji,! tfl I i*iilj (Jjl^Cj i"i\t ,^j i*— ' -i'jJt,' ' a 1 1 ■"■" I Jub (_yic.J .Cj^LlojJU t>\ I Mil 

Conductors, in sulators and semiconductors u^ldftl dLiulj Jj\$al\jU%a$l\ \- \- Y 

«Lj*._aJ ^j^mi J«i mi" (jr-^2 I Jl-J ( 4 lj^" CjIjJ (jr^C Cj^Lloj_«JL! (jr L>-l JlJI i_x_L^=pJI ^jTcvj La LlILcj .L^JL>.I J 

jijj~ — ul (_ r -!Lc. cj}J_lojJU cj'jJ (_5jJL>jj .<lLlojJU -i'j-U (_LuiSl ^j^a a^lLojJVIj ^jjjLtlllj 4_iiinJ I jj!l*3 j i^Lt 

(J-llojjJI s Jl-l>- (jy^S I JJ < ( I - \ ~ V) J^— i ui jj^a •»■ ■ >■"_> I -i^— (jr >.jL>JI j I jJ.1 £_ i La a^ (j-Ujjll^aJj J I Jl>-Ij 

.ojl JtAJ «Ual_ujl I ajt-JaJ <L3&_pj > jjj j ?"'^~~' l^ 1 - 31 *^ = J- >- XJa^xtu Ij-laj r' 'j g^all 

4_l»-jL>JI L^iljlj^a LlILc (%Jj-*J t aj.Lt.Lg ^IjJ Lliljj (jjjJI 4jLuL>- jj^"' La LlILJlS 4jjL«JI -iljJ.1 Lai 
.cliljljjj tfjufc ^j^a Lggj ' ' ' * ' ''Mj 4-"->" ' j^***- ' L<j-a i (l_) - \~ V) J^— i ui ^j^a faJaHi I -i^— i i pi ''Jj j ?"' : ~' ' 



jaLCJI CjUjJ^I 




(Jj— a a<aJI 4_Xjoi fi ij ■ 



(jr ^ . LjJ (J^jjljj fjLil a-uj ^^-iI I aJL>JI 



i i ri-*. L^-j^j^a L^=jJ_lu i ( II i n" L^JLa cj^LlojJJ ^Luil Lai 



1)1 j A_LOJ -}'_0>3 j2>J3 dl^LLiSjil oLlluI » * . QJj .L^lS jLuJI Jj)J-a iJL>. (■ I I n~>- ^JJ>. I IjLl>.| JJjLcj ul_L>.| aJLlOJJS 
(_>. - ^ _ V) ^^— • u) i A^jJLaj^>JI jl jij^SLjlLaJI (JlLa £ (jr >-jL>JI Lfejl Jua i|_ dllJ^l^aJJ ^HL)' W^ ^'j- 5 
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.(I- Y 

Positive and negative semi-conductors "^b^^tdgjXi u%*$X\ tUftl y- \- y 

(jj_p_^=JJ Q^all 4_x_uj 4_l>-jj3 4-Ise i"i jj ' i 2j L^jIjJ (j_s Sjj (J ^— i ' ^j ^— u ) 3 JljJlj»JI ajLlI (jLS (_yj»- j L>J I 
, U I", -^ I | j| La| .(<_ j- Y - V) J^-< ■"■ < p - fj-t!' (j-° Jl 4 -"- :i -J- a <*-ix-isj-<3 4 i i"i ajLa rf> i ul I galg JjlLajj i Jl>-Ij 

. n - f-j-LlI (j-a jl 4_aJL_u 
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|"|-p jjjl ^ SjLa -_a. 


n-p j±i\ ^ SjLo -l_J 


Ajij SjLo -1 



.LiL! i jj_c jl jj" i "j-il^i jl -ij-j'-i oj ^~>j (j' d ^~* °J l^ 1 -^' <jr^W-^' J "">'<+]< pj- 1 1 <j^~~< i'"j i 6 T JJJ^J n-_JI j 

Diode ^jIjJI y- \- Y 

II- J p- (2AJ- i '-i' (j-* L." "' 5 ' -J> " ' a L.^ 1 "' ^ ' cH 8 UJ ^~*"'JJ 4 -TKi>^ =L ^^' ' J— l - i5 l-L«JI Ja •■■'! Jjj I JlJ I \jluju 

j «^jj .A—La^LajsJI CjIjijjIjlJI (_^ja » l ij^—us (< s - Y~ Y) J^— i ■"■ 7c_iisjjj .(l~ I - Y) J^— i ■"■ ^_ I o ^— < 

7T a i nj j^j^j^? a! -i .^^— JijjI jJI J-<WU .j_4J-VI OJ^W CA^' (-^~ Y - Y) J^ 1 — ifuJ (>LiLI j^OjJLl JjjI jJLI 

jLuil i_c_-^-jJ,l (_< La2] I J ualij d— iao 4_uj^^=JI ajjl jJI '£— ,J_i-i5jjj i da a£ Jl^>.Ij <?1_-vjI £_ jjjJ.Lj jLuil 

jLre-Lo 4_jLi 4_!L>JI oJ^Jt 2— i_£j_sjj t d_i£> ^.-ij^^aJI jLllII ^_C^_^oj (-Tl^ 4 La-L^-o-i (_J1 intl i daJLl I a aJbt-i^a-QJ 

_ Vf _ 



uLujj&tfl glut 
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' « i a t , I *_« <_J1 mtlj lLj-j j 1 1 «_a i_c--^-jJ,l i_j La a ! 1 J i ajj t>t.-i--vj JjjI jJI tfLsol q ■■^— ^ IjJ Lai .LlsLoI IjLpol 

- V - V) J^— u< f-^j-lj ^j •■■^— • c ljl_i--vjl jl_re_La 4_iLi 4_JL>JI oJlj»i i|_ i_3j^»jj I J-^fc. ^Liiii IjLu jj-<j-i 4JLa 
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^^-dLal jLp-Jj 
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jjjIjJI (T-T) j^a 
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^uVi junt 10- 
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1 / ajXiLa^y** 


4 - 




2 - 
-1^0-75 -50 -25^ 




I I I I I 

0.2 0.4 0.6 0.8 1.0 


/ A ~ 


cjjiiij ^uSn a^Ji 


S -2- 




/ -3- 





jjjIjOJ 2,..,^.\ \j LwLaVl ^L^JJI (£-T) J ^-wl , 



ly ■ u^ajJI i>l_>ij^(l ^_ IjLu J>>-*-> ly^aj I Jl>. j u ^— i Jl^>- (Jj r-Qjso La-La «Ll2 jLuJI j-<j-i 1 _ / ^~~ '^ J '* "•* (■r' '-' ' 
iL. J S*« £>-<-£. Cj Jlj>o 2 mA ojJl^ jLlli LusLaf IjLpol ^j^aJLuJI JijjI jJI jLreJj LajJc JLU.I J-Li-i-u (jltS 
I i^aj] gULmJ I <^3 .0.3 |iA jl jJLy Lj ■ ■■^/» jLre-b u <==al 100 V Jl^>J rLL>o Lq-Lu 0.6 V Ojl JlLo Jl^»JI 
J t" > nj I JlJ i^Laj^JI JijjI jJI 'A- LflLa JJSl Jj-aji,l (^yJ^s^L-uJI JjjIjJI 4_sjLLo j| (£- V) (J^auifoJI jjjs 

_ Vi _ 
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\ \t 



lau&UIj iJjjiU iujjiSJ j^ 3uu>££ j*"' 










1N5402 


1N4007 


1N4148 


0A91 


OA47 


jjjIoJI ^ 


jjij'-— i ill,,, 


jjij'-— i ill,,, 


(jj^ -1 " ' - " 


f3rP La >^ 


fJ^J^- 


* ; ,^.11 k \l a 


1.0V 


1.6V 


1.0 V 


2.1V 


0.6 V 




3A 


1 A 


100 mA 


50 mA 


50 mA 




200 V 


1000 V 


75 V 


115V 


25 V 




10 nA 


10 ^A 


25 nA 


75 nA 


30 \iA 








(^Ij^V! aLc 




JLtJ.nVI 



Jus-lj Jjj!^ >1 J /V , " hi L -5-ip-tl jLulJ ^>.jja ( axAi aj^Sj - ) 
• a-La-UI *_LajJ 4_»-jJU ^j_a <_<_». ji, I (Jj^il ' d-Lia-Ill JJ— <J-i «LJL3 JijjI JlJI (J^L>- JJpJJ jLuJI j-<J-i LaJtlc 
(j| Li-Sjl I JLS .3 JjfoJI jjJlLo j q"i i ii a jLp (_y^- J ' -" **-"' (jr^'-^'-'J ' ( I - - V) J^— > ■"■ ^j-* 3 •»■ . Vn 1 <\^— < t_Jl i m Tl 
SjjJlJI i d '^" ^_ i^LLaJI ^jJJ^-J Lr^C- (J-a-<-i 4 t i nil i_ 1 1 nLLa I V*i^-» ^ ^1 JlJcj^uI jj_a Jtj^La jL^iJ' 4^ej>-jl ^j^a JISj 
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JLujj&tfl glut 
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U^^ £S 



v» 




AAAA-i 



■ ° iS - 




►| ^ ^AAAA 



(oj t-w<itl ajjlj) CjIjjjIj i*Jjl *|jL9eILufU -5-ipJ.I jLpU J-«L^= Cr^J-" (*d9-^ ~ ^ 
'LLlLa ^2>-a j-L.tj (J-^t j o" ' " a jLp Jl (Jj """"j^ JjO-JLl j Lull (J^aL^s /<u^aj (J-<3-*J CjI JijjI J 4_*_ijl ^J-Jr'n »" 



4_) JljuJ AJiie 



L$j| ct.— -i u>. aj^l JlJI oJ-A, jj_a (^j^p^a-tlj jL-$-»- j-L-vj SI ^— u V 4JI 
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*_«->ijj i -i-ip-U jLuJI pjj SgJ »j La-La] I ajjl J_i ajjl JlJI <>J_ii> (_ <i i uJ ia . 4_r>- ITl.-vj ;_£ j_II j <a"i i a\\ jLuJu jj 4>-2 I 

jl jLl"l>-I J_lC l.l>jj .(V - V) J^— ui jj-a •»■ LJalb 1 -i^— J-^-jf ^-*Jjl lfJ aJ-a-lj «J-»-j iL. Ajuj^I CjIjijjIjJI 

^y-ualsYl ^yjui^auJI Jl^»JI l1UJl^=j 4JL«e-U ^^1 jLtil! (^Jx.^1 Jl>JI sLclj-s aj_kii!l JLLlLlJ 
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Clipper 4^.^.1 t-uisia - x 

t_Jl nitl jl t_c--^jJ,l jLp-II ^-^-J-* (J l^J Jl>.| £yi *j->- « LaJ9 '£— JijjI jJI (Jl ml i ul (A - V) J^— i ui o^a 
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Ov 



jjililo i j. >i^ -_a, 



jjjljdl il 



o '\AAA- 



o W\A- 



4_ijLuj 4JLa. ' u<a9 -< 1 4_±^^a 4JLa. 1 . 1 1 '-~Q - 

U L jLjU! ,.,,^ j^Ijj, (A-T) J^-., 5 ;, 



Wave detector i>.ji\ ^juiL^ - 1 

(^ V) J^— i ui 7cji5jJJ I jlj.^l A" ( ^ > £, j fc. ; 1 1 (jiaJu Aj>.jJ,I i_3^Lc. AJSjJiX I uaj) JijjI jJI a JlJt" i uJ 

.(Amplitude modulation) LuiLjjjI 4)<n><a ^-jJ. i^ai^-Titl i_a>Lc. rljidi-<-u^ SUj.-MI j^ljjJI 




(_JJjj|j ^jUiS (^-^") J^" 

Light emitting diodes 2ui>£JIuIj4jIjji o- \- t 

(3j *"'" (jr-^J - d — ^. Lt - a O— S 'J ' a a J~ J' (Ji* '"'" 4_JL>. J] ajLiiuM-I ^ -1 J a 4 Ij i nj 4 ^j i ia II ill I Jijj I jJ I J-p-<3 
o JljJi j^jjjj (JjgJaJl ( jr iiKl2 VI I Aj i 1 * j «.u_^^=lLI I j 1 '-— N j"" "' (_pal A^-'il li^p- ^j-a 4 I, Lil21j| -»-^>l .^.tl /_!£, 
j_jj-ajjj .5-30 mA (j-LJ La ^^^.aLal jLu J I *T **• ij j A , ^ Vlj j , ^-^ Vlj j_a^*- VI jjjJu i>t-t-u pljjLi CjIjijjI jJI 
J^— i •"■ £ys if^fo I -i^~~' Jj-il JlII *-« (—IIjIlII (JLc 4 1 1 iil-La <LajlJLa .a I JlJt" i nl i_i--vJ JjjI jJI ^_ (- i i uLLa ^^^Lal jLu 

: 4_lILUI il^mi ijja iajLHI 4-»jS (. 1 1 u joj .0 * - V) 
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^j^JI jjjjJI S^Sb ( 1 ♦ -T) J^=ui 






lM 



t^bjl^, LajLU! 03^=^ 1=10 mA j V F =2 VJ ^LU! ^1 ^j^j (3-1) aJjLUI 4- (jJaj^OJL 



R = ^-^x 1000 = 300 D. 
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5 (n) 4j]L_J1j (p) 4-^»->l1 aJLsj^j <uA]I SjUI <jru Jjj-ill L^ - ^ 

s \j »l ttl /jj^i-.", i p « - Y 

jLUI pjj/jJu l1LjjL>.| ■x-uz^ SL^LiLlIsj Laj SjJ^lil jLu-I' p->j-23 oj La-La ,jj^~~ '"'"' L<j-3 - £ 



.p_ujjJL) l£JGjL>.I ft-us^ S4JLaL^=JI <L»-jJU p_)jJijj <L>-jJU L-djLaJ (<U3-dJ o^-i 3j-^' '- a ~ ^ 

SjLuJI pJj-dJ Sj^l J <4- ' ^"^— -M 2 JljLs La - "I 
S^jjiaJI JijjIjJIj (_£jL*JI JjjIJlII c>J (J>a]l La- V 
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The transistors 

t^uij_Lll jjjj-J j_a^jj .( M - V) J^— i ■"■ {^yji (]/uJLi I o^-» n-p-n j p-n-p 1 g /h Ciljj" i .ij-il^pJI ^j^a t jl_u_uL_ul 

i*. ^I,tlj» »jJUj a J g-LaJI (j A i alj Ul ^ "i\l"i .~<ljj" ,,^j'il^"ltj .0 Y - V) (J^au-iiiJ A^e—tijJJ 4_2j^IaJLi 
t_t»-jJt,l - 1 'j J ^-— ! 1 i_3j_LaJ 4-t.q-Te.a (J-u^sjj (_c--vj Il-p-Il Jl pjj (j) £_ j jjj-u jj l^pJ I (jyCjJ (Ir^ 1 i— 3^Ll>.^?l ^jji^aJj 
t>uij_L!l N ^— IL. a Jl^iLUI t-Sj-La J-i^jjj . p-n-pJI 'A- > j- ^— »N i_< ->.J L<a_Lu 4-J1 uJI -1 'j j^— lb i^_cLJIj 
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Jj$l«ljj|jl)l Ja£44Jj1» Y- Y- Y 

jl_u j_jj_<i-i jJ-JjJa jj-C «L*_9_s_« _?_j_u____t jl_u j_jj_«-I 4_jjL____al (J J jj" i nj_i jliJI 4 jg frl J>j_*j_a .a J__.L_JI jLu 
i 'i I", -»■ \3 S_L_clJl]l jl_ u ^^j-lc *— »a- > -U jL_lJ 4 <i i ii^ (_)___> !_>_> p ( i ...^-.tl 4 i mj l_3j_*jj .4_j_LcLi) A_ ( yiaAseji a 
4 j i uj jj ^— " LoJl-uC. (JLj-U Jjj i (i (jr-L«-3 . LjjjJlj 200 fj) I 20 ^j-a I glLa-il- ^jjj__tj jjj i rijjjjjlll pj_j < 3^LL>-L_j 

oJjl I,, (j--= 'Mj -t 4 -?^' 4- 100 "bA <>j--3 IjLu j>*j 2j__L_JI 4- 1 mA 2jji3 jLu j_jj_<j_ <jL_. 100 i_____=_JI 
. I ji_=_ufej 200 mA *_«_>_U jLp c_k«jLa jj-<j-> 2 ITLA. « j__.L_JI jLp < J»» ■ >> j_j_<)_i tj-9 Lu-->. jj" < ij_i j-lll 

'. (__-(4> aI Jiitl-uzl 4_t_Li flj-il <u}_j J J CjIjjj__j_i IjlJI i h'i i ^i" j 
j I ,^-.",tl CjLlLj^I _?_ a JlJt" i n"j AjiaJJl CjIjj" i ij-l j-iJI ~ \ 

.4_lIL«JI ajJ-SJI _L. A-La-" i n'tj ajJ_3JI t_-ljj" i i j-llj-i ~ V 



j^_u.i a-o^J> 



l-1>j loXI C^ 



Transistor as an amplifier j^^Sj^jjJliJl JUaiwl Y- Y- Y 

"•(_--£> jjj i njj-i jliJI j l-___»j j-il a, U '~ - J 1 '" - ' '"'"' i— i^LJ Jl>-jj 

cjJjaAil ^-.LJI Sjib - \ 

4_=>1__lU Sj__L_-l ajjlj ~ V 

.cLlII aJL^s iuj j-i— Tl<3j < 4_j^l<JI jjIjj !l oj & £~ V) (j=3 lu 7t ^jjj 

■CjM i^i ,t,-,tl 




R, 



L R c 






out 



<_l 






lU-t 



jji^jJI^I ^^ j^-i.V i ( ^ £-T) J^-,, 5 ;, 



■in R B 
r+-WW- 


€ 






V in 


R ,: 




V out 


/\ 




T7^ 






i 



^ 



yluiA * ^y ■" ■ 



A^ 



uLujj&tfl glut 






jaiaftxtl 




*N^' : ~~ * ■""" oJuk ^j-« 2 >ji j (J^= ^j-^M i^.-^. ^qJI (Jjjtj»JI tlr*-^j 
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2jLi^l t_Ja 



The transistor as a switch ^LMj^jJlplJafi t- t- r 

J_«x.Oo- V) J^- ui ^. j^ « ■ i iSu 4-JL>. '-3_ jj" . -j*«l^"tl jl 4 tl^tl a j a 13 Jl 2jj (0.2 V (^Jlj-^.) 
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jl_u ^j_a Qj!J '^'^ (_r^- - )L> ''jJ j **" *~ <j-u La e JlcLSJI jLu (Jajvj (.L—po e JlcLoJI <LajlJLa jQio <LaLc a JlC.L2^=j 
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» u V 



_ja_C£5 Jlajl J ^Ji ni 1 J oj_<_u j-1 1 >J (I I - I ) J*"" -1 La 



<J->>^ 



ijlI^All <laj_u»> 4-oja JljsoI .0 *\ - V) J^— uiJ ^be-iisjil SjjIjJI J-q-tJ A^sj^UI 4-ajUUI A-^-cS 



.40 jj^jJl^ jLHI c-u^l^b j-l^Ij 10 mA <Lls jUI jLlLIIj 2 V ^j-^l -^J^U 4_u:La'VI 

Rl 4 a j' Sjli > '<* ajI (JjjLs j j ' Io3a *_«->Jkl 4_uJ^a (JI^-aLi 

.-.R, =^^xl000 = 300 Q 
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ajI ^jjjLJS Jj j ■ Ljj ^j^— 1 1 ' (yJLlILij 0.5 ITlA ^C,\ ■* »^aJl oJufc lJuuus Jl>-I_) jj" i iij-il^pJI * j )"m (jLa-iiaJa 
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jj>UJ 



Jj" ' 'fj-'LH - ^ tjLuLu/VI ^jLc^JJl I <i A La - * 

.60, 40 jLllU La g-i i "^— i (jjjjjjj/j-iljj ^j-a 4 ''j *— i a OjL^= I jl (Jjjjse-LIjI J ■* Lt^a ■"■"' < < • ■■*— > La - V 
jj"i i iij-ll^pJI (J-a-t-l (jr-^*- A - 1 )(J^3 ifgJl ' 4_LllU jj~ i iij-ll^lll SJlCIJL) 4_L^5jJU 4-ajLaJJ 4_<».l3 (. i i n^-j ~ £ 



.50 jj)~t "j-il^pil ' < i ■■*— ' (y^=3 I J] ' ' aLall -»-l" A ^^-< 




DlA-T) 



J£~ 



A» 



uLujj&tfl glut 






jaiaAxtl 




Integrated circuits 

o j i t J J-4-C J-«-*J <«t.— l>.j I Jl_>. ^ **j a j 4->.j^ i"i l _ r -lc '"'' i-i^=3 lla <— >l aal fli.1 (j_a L^jLareJLa *_a aJLlLo 1_A^.lCj 

. ' j'j* '"'" 3. 3*" 5 i 3*i**' i_j ■'** **~ j < "- 1 L J>t - 1 "j j ,i ~~' 




ax>i^-.-fli -> sijjdJ ( ^.ijji..M^pji (IH-T) jg-,A 

J a I ^-i"U ^ul_L*L<JJ ^ a I n t L/0 J-fkj ' 1 j ' 4jlJ^>-jJU Cj^Lx^SjXI al I l"lt _}l Jl^I 2 Lt-U dial ^— i". t 1 jjlj|jj! I fl_i-LaJ 

i *uJL^alll Ijuk jjjls- (V- V) JjJl3- 7tuisjjj t (Scale of integration) 



(cjLIjjJI) cj^Li^jII i?Luii jjx. 


jjusHseX\ fOJJiV! 


Scale of integration Jal^-tl ^Lula 


1-10 


SSI 


Smalljiii^ 


10-100 


MSI 


Medium i la ■ -j" a 


100-1000 


LSI 


Large j n^ 


1000-10000 
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Very large Ijlvjh^ 


10000-100000 


SLSI 


Super large j i^tl JjjLa 



l^JJI 4024 (**3jJI jl w/ l ^» tSuj-i^aua sjjI J> (jJLl JjJ ^JJI 741 (**3>II Jla Ljlltlaj ^ic JjJ UJSj *U_aL^=^a 
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^_ jj_j^iJ| j_liaj| i I Jl^=u»>j (_yj-aj ^^J-* 3 ^j-j|j (jr i£. Jji-J (_£JlJI 555 f^J-I' jt (jr^^-" -il J-C ej-jl-S (jr^ Jj^J 
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abf jialA • «j*.-»t| i»-jj,j_o 4ioL^=Oll jjljjdl (T*-T) J^aui 






aiiLfitljiljJkJIhAL 



Jj l j^li£.j_*5e J a J I I j ajUoaJ Lt-U 4 I A^—,",\\ jjljjjl i * * . aJ 



J! 



' - ' \j i *—• a /-_ di 4_jIaJ>JI jjIjJlJI 



IjLiVI Jj^>o <_jlJI ILaL^auXI j^ljjJI <-dl_ufej .4jJ3jJ,l ej^=l JJIj Cj I J I JjlI I J A-tiLa-LlI j^ljjJI ^JSi A-l^jJI 
(j-fj) OJ i ii I fl /h 4_l«^jJI jjIjJlJI r-LlJ^f (jUj ' j ■"■ (J I "'J'*" ^JlJ-" i n"j (j •■ ^-»» tlj 4_l«-3j CjIjI hi! Jl 4_JjL«jJI 
al_i.-»JI '£— I gjLS-uJaJj j^ljj II i-iUj (jia » J (jr lc rj L^aJI «.LaJLi (jy L L^-iil Aj-^j i_3jj-uj .TTL (J J ^ ^j CMOS 

■ 4_lUa]I 
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Operational amplifiers J**-!)! uljj5U r- r- r 

4 j'w^"^— Wl 5j_^s-^| 4 aL^a iL. Laljiir" ml 4_u_a_p^=i] V I j-ualltJI j "'^— I <j_a J^« ifulJl j •^-^ * j ;"♦_' 
(JILa Jl$->JI ^J-la ,_ jj j ^— i /Tj^>- CjI j CjL-uI i ua. (j^lc ' gXii ■"■"' 4_2jjJa ^_ J-oTlaj <_jJ-JI p*^"* "*■'*'" Im ^>-l 4_^3L>.j 
(Jjt i*ii"itl '"'j^ '^~' " i—ojllaj p_ffcl (j-a_J . Lfc^-iCj (jL>-jJlj 4^1j i ntlj <UolajJlj JaJLuaJI a ajlj^>JI A^»-jJ CjL-uI i o3» 
j ■ ^- I -i I la p 1 '— •-»" II j-jljj (Jjt i*ii" A_ 4_La a \\ A", , ,,\l t A^— i'i 4._JLc 4 1 1 ii M j^JaAs&lXI Jl£>JI I jufe j '.'^~'" (jr^ 
^_ Lij^ <>ia (J-lL>-JlJI (_£Jl^>. (j-\_j |_3j-^i LjaLijjjs 4-j»-jj>. (jj ^— i j it._L. -v jj j ^-i t ,l (J-ia- t Jj . J_>-|j ~J-^>-J (j}L>0 
£jjjja jl_u jj___a ^jM 4JL____ '-^_ j ■ _=_,! r-~<--yjj .100,000 J>=>- 4_i__aj 4j*j_ 4J _;JJI (A) j-t_=_U i_aZa 
^LaJiir" i nj (jlj—i-l (j^L>-J j i ^—i o_j . -Vcc (_j a i "J (__— _u J (j^-J +Vcc _t <1 ' "JJ i—c- ^ -j^a J— £»- 4_! Jl^j>JI 
j-aj (Y^ - l ) J— — i ■"■ t_i_>jjj j d —all ual i ii a ^j-lL>.jJI _JJl^>- ^J — (3J-'— ' ClJ^"""* ' — 'i-— — ^ <TJ— ' , -'' ' j x J l_— al] 
<_>_____. 4_i__»L>. -J tj; __-,! (jrii-O Jl^I (jl J_=__]| I j__ jj-a ,U^\ljj -^J 4__L___U aj_ljJlj Ja___t] I jg_=_a 

j-ctJI Ji^jJLi l3 < mjj 4_lIU- (^JLc j j-^tl L 4P-J (jr^^'j Inverting input ^„^ul »tl Ji^jJLi (jr a__uj Jl^>JI 
2 MX2 t>_i rjl>lj l^>- ^f!- 1 Ri <l__J-j 4_ajLla (jt_j Jjj __JI j ■ _=> " j j <mj .Non-inverting input l> m^s\-c 

10 t>u ^-al^^jj^ ^J^" 4^sjLla Lai .4JUjfcl J^— »j I jJ tjo^al,! j^-j-j-*-^ i-Ll^L^li-ul L^Ic giTuj U-4 10 MHj 
^Lc (Jji ifulll j ; ^— a j -j ^— " J_aLta ^jl ^j-^ p^.jJLij j L^aJU L^lS aJlJt" i u U 3jjI jJI 4j£.jjJ L«_i3 100 Hj H 
LoJlJ£. x-i-iilll 4JU- fjl J uaj (^JJI rj^>JI J 3-^- (j-a Jl^so A-jjiilll jJ i^ia J j-^ ^jf VI (A=100,000) I Jl^- 
80% (_Ilj_>- (Jj 4_L,La-tJI Cj^(1_>JI ^_ )> 1 ill"! I ) j - *- J i-^tj .c-Jl mil jl i_<_>.ji,l »lj 1 11 j , t 1 -^ t, I Jl^>- ^2>-a ' >p-Sj 

.4jJlJl1II jJjLfljj J^4^*- (j-a 
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-o V„ 



JjV uull j;< ^^ AjfllLftSI djjI^II -l_j 
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741 jdti^aijjSU r- r- r 

J^— i '"■ l^JJ .aL*-!! (J I ml i ii^U a Jiir" i njj Ijl m"hI ■ " ' \j i ^— 1 1 1 »_i_uj| ^j-a 741 J^* ■"■"" j ' ^— i a j '"» ' 
Ji^jJIj 3 *_Sj (j^^jjJI JlJ£. (jui^al « TI Ji-J-II o' '^ ^^JL3 ■(' :L "'Th 1 Lo) SpUlII 43>L-aj cJijliaj (YY~ V) 
Jl-Lc t—Jl intlj (_tj>-_aJll jLlLJI j J <^« La-Lu 6 («-^j jjj/^ojJlJI Jl_Lc r-j^>Jlj 2 («-Sj jjj/_ojJlJI JlIc (j ■<^-»l «J| tgg 

■i 1 a I ^— i <J a il la a 



Jijll JjjiJ O- 






^r 




741 



+ 



_0 a.'W Un.fi JJ£ 



-o V+ 



741 j^=d\ (TT-T) J-^i 
4Jj ±16 V JJ ±4 V tjrH 1 ri'>^ J <3> j J ^'- a - a ^ iJ^HS 100,000 ojjJs u '^l jjj ^-i"< J-aU-a 741 jj_^=Lai!j 

.i>.jJio Zjjlj 4- 741 jj^=Jtl (j^ajl Laj. (YT~ V) J^=_ii LTUJj .0.5 W LfcjjJS ^j-uaS SjOJ9 



v out (v)t 



20 
15 



-v„ 



-0.3 -0.2 



* i i ii i 







+v. 



0.2 0.3 V 2 -V 1 

(mV) 



±16V^^"^^-j 1 Q5 jhh ^^ j^u^ V£ ^ J ,^-, i, | ^Lu^. (TT-T) j^l. 



A^ 



uLujj&tfl glut 






jaiaftxtl 




Comparator <^,uxi - ^ 

. I j ii i r> r-j^>JI (jL^= (j n^ajul tjL^= I jl Lai . Ll>- j^a I » • ■'■• " j -^— \\\ ?TJ^*- O"-^ 3 .J ,.^—X »tl ^j_u^jjj| JtJ£. (_U>.jJI 
(_£l Vi jj_aj-<-^=l V2 (_L>-Jl-JI jij *-— ' LajL-Lc <LuilII jjjj i-t-;^ (ii - V) J*^-* '"'* 7c_iisj-a jjljjJI OJ-A i La 1 ■■ J a 

(_La1 J_t_-vj La.* 4J jjj_^=3 w '^; J-o-»J ^IL>JI oJuk 4-j-^ 3 -^' o' 'k^Njj .8.00012 V £>£. V2 jjjj Lajilg. 

* j mi"! I Jl-Lcj .A-L<aJL!l «.LiLaJ jl ajLJj JJ (, 11 llLj j ; ^-— U 7TJ-^>- f j "lJ Jl i^-SJ-J <j-lL>-JlJI ) ^a> ^u i_3^il>-l 

'2- LajJ-s (jU 100,000 j^jr^Ujn^'J/iU* (jl iJ^xki! lilj .j_Ji! j^ ^ 80% J I £j^J1 jl^ <_L^ 

.15 V Jl£». jjo^a-i ^JuJu Laju£. UjMiaj^aJLl -ry>. J*-»J 0.12 mV ojJiJS (V2-V1) Jl£>JI 




(JJ-oVt <jh\jxA\ [_5jJjjL« 

(jlji- ^ 2ul_^l] ^Vl ^J^oil (jLuJj i^nU ^IjL^l^l (Tl-T) Jf^ 



Inverting amplifier circuit ^^aUiljj^-iU s^b - v 

i_3j_*jj . Rp r-j^>Jlj (j ■<^-»l ♦" ,_U>.jJI (j-u 4_uQJl_a R; n (j u^al *J| ,_U>.jJI_a ,_U>.jJI ajLiiJ <j-u Jj^i' ((j-CLajLiLa 
•.(^LHJL^ajj^aJ,! r>>- '- < 1 u -*JJ -L^J^' i^ajLail JJ <LuL\!l 4-ajUUI 4-a-iJa (>-> 4 juiUI <LJ U j-Li^auJ I J^aLta 

R, 



V 



out 



R, 



■V„ 



(3-2) 




ya^[^\j,^[\ Sj^b (TO-T) J^-Jl 



^. 



JLujj&tfl glut 






jaiaAxtl 



•V, 



,Ji«- jJI Jl^j- ajL^l (J-u^=lC V ou t Tr^* 1 '-" ^^-^ «jL"'l <j' (3-2) 4jjLtI,l jj^a iU^-^Lj 



-5 V Jl £yi Jl^j>JI I Jui> j-i^=iJ j-l±^=iJ ajjl J /o-^i^ ji .50 ITlV Jl ^j-a oJl^s- 7-jl^pj »jljj>- ^jjuLlu^. 

: (3-2) aJjUI 2_ oi=i^L .(Yo- V) J^ A 4. iluXI ;,„ ^-.UJI Sj^l jJI ^Jl^L^ 



R F V, 



out 



R in V m 0.05 



100 



• jj 1 ^" Rf oi^ 1 kn (^jL^ R; n osjLSII 4.^ LJpiJ liLa 



R F =1x100 = 100 kQ 



Summing amplifier j^ I ja^ua - r 

(j ii ^~i*j W>f^ L- *- » a * j "i^— >l j I ^lJL>.I J jJjJl^>- y_L»a A j (jr lc ( (Y*\~ V) J^— i i"i tj i^-i t,l I Jufc (J-«-*J 
CjLajL5J,l 4 i .nt (JjjJa j]^ « Jl>- (_yic (_>>■' -i J 1 '"""' J Lx^aJ <Lul^3 a I ) j <^- 1 1 ,| I Jufe j-L»yijj .*_«_>JI (Jj^L*. ajLiiJ 



V. 



R c .. Ri 



out 



V 1+^ V 2 



R, 



R l R 2 



R. 



■V, 



(3-3) 



R, 



V io-V\A- 



R 2 
Vgo-VV^— f 

V 3 o-W — ' 



-WW — i 

V C c 
o 



i— -t 




>V„ 



-v, 



cc 



Ji.!jj o>lii ji j^U. (Yl-Y) J^-iii, 



^ 



uLujj£j)ri glut 










Differential amplifier (jr Li>Ui] I j^jl! - £ 



V, 



out-^-CVa-V,) 

K in 



(3-4) 



R. 



V 



1 o-V\A- 




.v„ 



cjIjjj'lj Jjlal! J** W (J^> buffer j^. 



^^UUI j-^II (TV-T) J^i 



Voltage follower a^»Jl ^b - o 

M ' '*— • aj_iljj| <>Jub a Jua-" i n"t .ljL>- ■* I iaAse * a 7;j^- <LsjlJLaj IJl>- 
.ajjljjl ojufc (YA~ Y) J^=-ii OVdi -Lr^-^' J^l Jl J- 13 ^' 




Instrumentation amplifier ly^s j ^ » - i 



j-£>J .(2^-L>-J jj-L. i Jl^j>JI J)j a j '.'^~'"' (_r^- (J- 4 -*-* 4 ib* '"'" 'J '*~ l a ^N-J (j - * 3 "j j - *" J '*"""' • 



u> 



^=: 



«.j^>JI (J-.i3.tJ i'^^j' ^— 1 1 1 I JljJi aj-JIJ (Y^ - Y) J^— i ■"■" tlfV- 1 ■«^ : *-'j 4 -tP*J A_fljLifl 3 la i ul aj aJlJt" i oil 



*Y 









jaiaftxtl 







V. 



out 



2Rj +R S 
R„ 



R. 
R. 



(v 2 -vj 



(3-5) 



V 1 o- 



R„ 



-<£■ 



-<gr 



V 



2 O- 



Ji.j]| Ala. j^i 




R 



-A/V 




■ _L ^-iVsG JjS-a 



i\ 2 



R 3 

■WW — i 



FL 




R, 



<>-l_oV 



sj^Vi j4-(n-r) jii 



. 1 kH ^ 5 



lj 4_aoi> Ri, R 2 , R 3 CjLajLiil 4_i£l Jl-^G (X\~ X) J^=_i 4- U JiiU-4 Sj -j-^ij.^* 
.1000 (_gjl mJjj^a tl JJ.'^— "' J-«L«-a (J.t--vJ (^lI! R e <Ll3-jL>JI OjjUUI 4-a-iS t. <m-wl 

:(3-5) 4jjLt-aJLI l»j" jjj^—"tl J^Lta jJl^jj 



V. 



out 



V 2 -V, 



2R t +R e 



^R, A 



v R 2y 



1000 



2xl000 + R ( 
R„ 



1000 
vlOOOy 



1000R e =2000 + R e 



r^ 2000 = 2.002 a 



999 



<\r 



uLujj&tfl glut 






jaiaAxtl 




D.C. Power supply j*l^Lu>ifcM3>jb o- r- r 

4 IaaJ< ' 1— A>jLll>-I c_^_-vj ^_Jj_I1 jjIjJlJI (<j_4>I ^j_a ^AjLh^ 3 ^ ' J-^li^-^ ^ <i" i all jLu^' (S^** aj-S I -^ j-pAJ 



^^j!Lo jliJ (JiJ 



o- 

o- 



jXOjj4>J JH-J C^^*-* 



o 



(JmVi'I Sic- 



v 

-o 



o- 
ru 

o- 



>aj-u4-a JH-J C?"^*-* 



u^ v oi 



£jsJ Jei 



£>JI J$a. A 



V 



V, 






>jj 



u* 



Ripple gyd\ - ) 



:<T« 



v. 



V 



r-jjilll (JjsLjlx 



ol 



Load regulation J^J! ^kn - t 

(J-fll^— ill ,J_4^>JI Jl-l£. i_£JlJlJJ ?TJ-^>-J J-LflJSO (jj^ L^^ 1 -*-^' ^J^*" ' * <?"?• t^H 1 3j-^ ^-d5^' 4 j mill J-&J 

:(T»- V) J^ ifuJI *-».lj '4_p^l 4J9>L»JL> 4_uij^»J5 .J^L^=JI J-*j»JI JlI^. ^Juill j&>. ,J\ Lj^oLo 

xlOO = J*^JIfuklS 



V -V, 

on ol 



V 



ol 



M 






*M 



\ \t 



lau&UIj iJjjiU iujjiSJ j^ 3uu>££ j*"' 







Output Impedance ^kJl ^jL^ - r 

:(r«- r) j^,t,ti 



V -V, 

on ol 



L ol 



r-j^>JI 4J9jl_*_a 



t^ja-aie La J^->- t_g^ j a" i na jLu (__£ jJtJ, 'UlLuLIiIl! I cl)l fljLal aJLI pjfcl ( _ T L La-L3j 



.24VJI 2 V^ 


: ^kJI ^- - 


. u ,s>X\ jLa^=2A 


: ^J^ 1 jW 3 " 


.0.1 n^jsl 


: r-j^>JI 4J9jl_ta - 


.0.5 % (>a Ju»aT 


: (Jju>JI /a_LkaJj - 


.J^l^ntl Ja^JI Juc 10 mV <>a JST 


: £>al!l " 



/aia-Laj jLlLJI ^ja2Hl SjJa-L2j (j'Hi- 1 '-) (j"^>-j-=e-a (_£J Jj^ta ^j_a j n"mU jLuJI L^^*-* jlj'^""''*" La LlILcj 
jJsj .r-j^>JI jLpJ ' j - *- <U^3 L>-j 4j&llaJL I i " 1 1 a i a I a I , I *_a Jj^ljjj (j I j-i^a L -1*J I oJufc jLll>-I Jtlc ^^^I^jj . Jl^eJLI 
P - '"' * ** '"'*-—" ' I jjIjJlJI ^j^ « ' Lr-^ 1 -J '-•-" S-L2JJ ■ 2 -jj J^uJI Jl-l>-jj 2 j La * 3 ia CjVj^>J,I J)J ' " *-*J^ "j-ujJ 

.J^»Jl 

Voltage regulator j^»ji ^kia :LuIj 

(_ y _4> diLaJaiil <jJl-4> j j ilila .(J_a^><Jl j-<-i3 *_a > j*-" C<— llB (JLc. (J-a-^3 4 I aL^aUx sjjI J ^j^l 2jLlC 3-&J 

•j-uaLLtJI <?JwJ 1 La 1 •■ 1 a 7- fjuu ( _ T ij La-L2j Ja-uiall jJjLoJI Jl^>JI CjI a la * a j O-iLdl Jl$j>JI CjLaia-La 

Fixed voltage regulator chilli ji*»ji oUkra - s 

(5V, 9V, 12V, 15V, 18V, ^jJtl 4- Ljj^ ' Jl -4^- u ^>*"j pk' a j^ j-aTi-^a jl_u Jl^o ^JlJu ^^j 
(<Ja_La ^i. 4.^ t^A XX vi^p. <c_JUJI Jl^JJ 79XX ^jJIj c_^jll j^*U 78XX ^jJI j±h 3 <24V) 

j I (_<_»- j^a p laJ a j a" i u a jLp r-LlJ^f £," a la * I , I N ^~~*^ (j^'j 1 "Lm2i I jj'H^'^' ( ' ^ ~ ^) J^~~' ■"■ (j 11 -^ 3 ' J7~ 
jj_c (J-2j z La-i (<ualil r-j^>JI Jl^j>. {j£. Jj}- 1 o' ^— l -" vj p ■ J "* (J^^' ^-^- i_J\ LlA SjLi^l jJljjoj .(_JLuj 

.3 V 



^e 



uLujj&tfl glut 






jaiaAxtl 




^■>ll 4jJj CjUkLall (VUV) J£ji 

Variable voltage regulator .Uj.^h JjUUI j^>ji pk;* - Y 

. aj.LtILa 4_aj|iJLa JjjijJa ^j-C 77 j— >JI Jl^>- ^r P ^~* "*""' >j ^~~ ■ ' 4._>l zl O-iQJl > g-?"l p " * i -LiLi>3 jjfc 

^j .30 V J! 1.2 V ^Jdl u Uij Iju^. u U" jpJI LM317 aJLqI^-,-1,1 2^1 jJI Cr A £J>iVl oJl^ Jl^Ij 

.j-LtliX I Jl$j>JI p fc»*/i ( J T u«i5j3 4_5jjJa (YY - V) J^—* ■"■ (j-UJj . 1.5 A (Ji^- (J-q-reTiJ pljjLi aj^ljHa 



+V in =21V j^ 


IC 


C> . . _+V„.„=1.5-13V 


c 1 

100n- 
V i 




LM317K 


<100Q 


jUi^^i 1.5 A 
10n 


i^ 


e uila * 


jC 2 : 
->j^>100n 




1000 cT? 





^jLitXI ^Mj piss-La ju^Luua jLu ^JuLa SjJH J '• LcIls 

: 4_lIqJI ( " ' I a • a I j 1 1 > •rjLjta ij^G «U j 0" 1 u a jLp (_£JiJLa ajjl J (TV - V) J 1 ^ 1 ui tl^J- 1 

.250 mA jua 12V + - ) 

.750 mA jlIc. 5V + - Y 

.100 mA jLic 5V - - T 



*l 



uLujj&tfl glut 






jaiaftxtl 




:,JVI 



'•Cr 1 ^ 1 (J-" ej-llJJI (J> 



IjJI mAIi 



^-LliLa S - Y 


AAj & ,^\ a F - ^ 


.5 A jLlJI Jl-p-j3 Ej U a BR - I 


50 SjjS * 220/12-0-12 Vt^^ajj** T - V 

.VA 


7805(ji^ ( »lftl a )ilfll^-i-«S > j|jIC2i - 1 


781? f.i r pU:^ ;i„l^-,„ SjSjsTr.i - n 


.25 V « 4700 nF juSjy*-*\\ . 'A'^-y « - A 


79L05 (j^». < *lS^.)5lfll^-.«S > SbIC3i - V 


.V 


.25 V <470 nF c p J J A> -*=-ttl « ?.1<=-i o - <\ 




mo nF j-,.. ,tj. , **:<£-,* i ur- u 



■j o" i n a jLu j2>js <Luj^j^=aJ 2 I jjljjJI '"" dialLa p Laj» a (jrjJj (j' « >J| Jul oJ-J ^j^— ■ i >a 



JiJ 



50 VA 




4700n± 



7812 



1 OOrtt ,, 



C2i. 



100n=p =pi0n 



-o 12V 
250 mA 



JiJ 



IC 2 
7805 



100n 



470n± 100n^ ^>i- 



JiJ 



E-J*. 



— o 5V 
750 mA 

100n^ zjz 10n 

— o 0V 



IC 3 
79L05 



100n± i 10 ^ 



£^ 



-o-5V 
100 mA 



Timers aiu>ll uL&jJi 1- y- y 

.(j-U-ta (J^= luJ i^l-xm -i-ij— J CjI j eJJ -ra CjI ua-U Jl ^jLl^-VI p LajL^a ^_ 4_ui3jJI jjIjJ_JI r- I—Too 



*V 



uLujj&tfl glut 






jaiaAxtl 




C^ja|_l,| j_ifc jjIjJlJI i £J I" j j .^lj I j"a n (j a « a JJ^ Lg-a I Jiielu-u I J(j i uJ La-4 I j I ^— i uij <L>-jL>JI <— )l iJaj-LlI JJjJ 

.ajjjIjJI '"'1 .^j'tl j^Jjj aJLc 4- 43LLtJalI jijJls- V ^JJI 555 

555 (^ujjJI cJajil 

J ^ 4 a-llaj (Xt~ X) J^— ui -SJ^^-OJ ^^jLo 4-uLatl 4J ( _ ;r ^=L : iIxjM_l i_JLJ9 (Ji«-lj 4JLaL^=u-a ejjl.5 jjk 

LaJ-U 15 V J! 5 V (j\-i r-j\jlt-i J a" I na J (j-*.J 8 (JJ/^OJJlJI Jl-Lc di^J-ll IjLjfc t£JL-ij .(j-u^LljJI Ojufc (Jj8 (jjjJJl 

t-J^Jl! 2 ^jj/^jjJI aJl^t" < iM Lq-Lu 3 jj-u^JjJI (j— a '*"'' Lta-uJI Tj—><-> .jl— uJI ^JlJLo ^ iajl ' 1 ^jjj^jJlJI (J—i^sjj 

j if 4-d.^ljJI oJsjJ.1 aJU* jjju ^JJI Threshold j^»JI jf 4 ;l "«tl 6 ^^jjJI jif Ja^ai.! J^>JI -iJ^-J .sjjIjJI 

i U aj"> . iJtjVl > J i^i"l Ij] 1 aJLu jl yaH ' "' ' « Ml J 11 J ■•>«" 4 jvujjj II | j J LaJ ,1 J-^a. J^'-^j""J * J i^! v Jj''^J 

.ajjljjl Jaf 



^J^L 




-§- i_»*->«il -^i 


^jS 2 


IC 


— &J&\ 


3 
E-J* 


555 


-JL 5J1JI 


j ,-_, _4 




g i 3T .« -<u-, 





555 oS>il (Tl-T) j£ 



4_oJ9jJtl J-a^uj . Astable j 5" mil j-t£ x-i-bjJIj Mono stable j-22m 1 1 *-*i»_aJI U-4 j^L^a -■" 555 oJsj-allj 

Jj-jjJa (j-^- ) ***' ' " * I /*— <-^3-I' ^- (J-a-t-i L <vLu ly^jua JJ^j_i '"" ija-u Tj-ze-> j-^- ( i JljJl«^3 j 2j ■ u a j < » II x_ii^Jl 

. -IJiJta (j-aj J a" ' n"> 4^ua-U r-j_je_i3 2 ^jj/^aJjJI Jtlc - 1 i ia ■ * ) «L>-JiJ9 

Astable jJii^Jil juL j_^yi - \ 

J^— i i!uj 4_ LllU 4 ^jij LaJI « IC555 x_a C (_y>-jl_>JI ■ tL-t^aJkla Rb ( Ra (j*— 4 jw J*-^' U ILaal aXI J-x-ajj 
4_Laj|j JJj-J CjI j ■"" ua ' ' 3 ^jj/^JlJI (_ r lc r-j^so (Jjt i*ii"ll r-l Id a 4 la i ul aJ aj^l jJI ^^LcJjjjtAJ .(^0 - V) 

:4aJllI! CjLS>L«JLi JJi^eli 



HA 



JLujj&tfl glut 






jaiaAxtl 




R A < 

R B < 
c = 




f+5-1 


5V 


I 














8 


4 






r 7 


IC 

555 


3 g» 


T 1 


T 2 






l" 6 


2 

\ 

orc^ 
















1 


5 

0.01 


ti F 















o ) a ■ ' " A 



T t = 0.693 (R A +R B )C 



T 2 = 0.693 R B C 
1.44 



v 000 ii jg-t.y , (To-T) j^i 

(3-6) 

(3-7) 

(3-8) 
(R A +2R B )C 

Cj^(jLjlII (JJljJi ^j-« ' la "*- N JJ . JljLiJu C I /»"^-»tlj ijVL) Rb J R-A (j'"' a _j' <m 9 (jr J '3-^'- 1 ^2 J Ti "LLaj^l vi^>- 



Jlfu 

.(To- V) J^— ifu] Lt-u T2 1 *«■>» Ti (J_^=lj dj>j 50 c/s t>jSs '-^j^ cr^*-^ ^^J-" *j-^' J t^» jLa 

: (3-8) iljUil 4. ^3*: ^ < luF UjSj C < ?»V=-.U jllio « (Y0- Y) J^-. A J\ SjLiVb 

1.44 1.44 



(I)R A +2R 



28.8 kQ 



fxC 50x1 xlO" 6 
t^TgSLCV- Y) iJjbai ^ C\- Y) ibbd! 4q ,,^ >j 



(II) 



Tj R 



A +R B 



R 



R, 



R B T 2 



1 = 2-1 = 1: 



R A - R B 



: (I) ilsUJll 4- (II) ibUil j>a R B UjS ^ L> ^3*i!L> 



3R A =28.8 



R A =R B =9.6 kO 



^ 



uLujj£j)ri glut 






jaiaftxtl 




Mono stable jr.,,,11 ^y ! - Y 



T = 1.1RC 



(3-9) 



R < 

i 

i 
C z 


+5 

i 


-15 V 

i 








T 1 






8 


4 


JTjiJ 






7 


IC 
555 


3 




6 


2 

4 










I 






1 


5 

O.Ol 


jxF 




4-3 ftjj 3 ** 1 t3 I I 















Zj-Si^ 000 J lj^- i .V . (Yl-Y) J^r, 






.IC555 oSjJLl 



eM 



: 33 ^F t^jL-uJ C I flf^rJll 4-»jS jljijj (Y"\- V) J^^ uij 4j»j-bjll ejjl jJI ^Jiie 



t^bJL^a R LajUil uLa» j^-v (3-9) iljUXI '2.. (j^^HLij 



R 



T 



l.lxC 1.1x33x10" 



82.65 kQ 



uLujj&tfl glut 






jaiaftxtl 




Counters ubO*)l v- r- r 

A J j '"'' (j-a (jr*-^ li ** flllse 1 1 JmJI 4_«_la_)l i_3j_*_) jl l_Ll /— at— i_Lj t Lj-ajLkbjj CjLI JulII (jc p l^-»"i j| (_Ll2 
J a_i^> ill ■> j j fl 1 1 ^j •■ a ' a Jiir" i n \ -<u 0LI I *i g-flJ (Jlj mJUl a! La-lll ' I _Lu (_3_ajjjj .(_g^ mhII a I lalllj j^iLuJI A UaJu I 

{Decimal system and binary system ^Lil! pUaiiij ^^AaJI >LkU! - ) 

£_ 4-*J3jj3 (jyic J-aoJLJ 4-<i_iJ3 (Jil«-i 4_i3 JJlC (J^= jLa jl JlC.1 «JlC (j^a jj^-— a Li-Lt-a LaJ3j < ■ ■"^— u Lajtlc 

P(j<ij^ (jl ^?l jl jtx.VI (^jLujj ,j-a p^.jJLj t 2 j 2 j 2 (jy j»> jIjlc.1 cj^vLj (jx (jj^-» a 222 f^j-II !vLWs .p4>JI 

l_£l) 2 ^gjl ml Jj^/I -}Jl-*JI 4 -v*' 1 * ' (1 (VV - V) J^— uJL AJU" m^L pj all ojL-ifc 4_2j_sua (j ^— ajij .4_ALita 

(JJLLjj (2x10' ^jLi^j ^l) 20 ^jL^uj ^-.-vSa ^lAI! jJljlII Lai jL>.T Lgjf <GJL>. ^,1^. jlt^j^ (2x10° iS^\-^ 

(j_a -» i ^"jj .CjLLa 1 j'ti 4JiJL>. (jrlc. Jj LtaJj (2x10 (_£jLuJ (_£l) 200 ^jl i uJ ^JLJIj Cjlj_»ia£. L3JI «GJL>- (jyic 
1 j j-^jlo (jl_j ?-jI^Lj La-uS Jlj>-Lj 4_l2 a Jl-»-IjJI <uL>JIj ( aj ilif JJmJI (jyic pjLa (_gj uulII a I la * II jl ciUj 



Olulu 


oLilu 


CjUjLu 


ia.1 




^ijii 


dilio 


Cjl^jjuic. 


jUI 












8 


4 


2 


1 




1000 


100 


10 


1 












2 3 


2 2 


2 1 


2° 




10 3 


10 2 


10 1 


10° 




^uai ^ikiii -c_j 




tjy^W ?\M\ -\ 








^lail. 


la I 'M (Jj |>j-tt 


Jl 


a Ui^i (TV- 


T)J^A 









jIJlC^I 4-aaj3 <- 1 1 n -v'j (i La a£ (J-l!L»Cl>-I (_£l) Jl>- I jj j ii 1 a 1 a <fe Ja^a ^jj^JlC (jylc (*J-2j 4JLa ^LiiiJI a I Iq * II Lai 
t^yJllIL^a «Cl»jS (-jL^^ (Ij^*"1J (1 101) (*4pl Mla^ .((-J ' VV- V) J^slAj (>L^a jjb La^= LjjlJU- <_.ui->. 

1x2° +0X2 1 +lx2 2 +lx2 3 =13 

< _ 5 jJ1 iJL>JI 1 ttjuo ^jl 1 .1" (^jLlJI JJuJI IL. 4JL>- ^1 4-a-ua (jl Llib Obi JbJI Jl-5ta i|_ cUlJ J '--'*' (jt -}_aJ l5^'j 

jb== liLa (bit) o_> ^Luil j>Jlj«JI 4- oLi. ^1 u « m"j .(^j < VV- V) J^-i uJI (j_a ctu-Ij La I Jufcj L^Lti 
JLitb jl j ^-i «ij j "four bit binary number" c^_> a_»jjI ji (jrjLu jjl^. (jr jj^ CjLU. 4jujI j^a jj^-ia jijmJI 

■ ^?LaTL>-l j ifgg 4" i ii (^1 £ 0-15 (Ja La-iS 



\ . ^ 



uLujj&tfl glut 






jaiaftxtl 




:obl JuJJ <lal^-,t,l j^IjjJI - Y 

^TUlj-l ^Jl CjI jl JlJlII p i •■ 2 '~J . 4-iuJt^a 4_»-j_a '"" L^ajJ _L£. 4r- ^J^" ' ""< ** 1 al ^3J a j-jIjj (_£> CjI .jl JmJI 
7c_xisjJll ^L-uJI JlJ«JI a I tall Lt-U (^yjl—iiiJI jl JlJ<JI (J-q-tJj .4Jj iSuJl Cs I .} I JlJ«J I J 4_ul_uJI CjI.jI Jl*JI 1 <i it\ ^jjj t£ mi 



& 



Lka JJ^C 



I JlJ==u4> J j_ifoC <£u-uj 4_uLuj 4_*_)jIj lA-<^! (jr^- 4 -* J J- a U^*"^ ^-^J-^ 4 " ' "^ (3d>^ L>*- "^"ll 



Lai .(four bit binary counter) x-LLla 4_*jj^I ^i ^Litl j>I Jlj<JLi rjLJta a-*jj^I ji -jI Jl-*-!I u t mjj . jl julII 

(jr lc ^ o i u-Sll L^al JlJt" i nl (j ^- 1 1 ' I JlJ i A i ii <a -^j (j"U-jl (jr-L. 4 -1 ' u-Sll 1_lL>-I J sj_£3ta L^JLa <Ljj muJI dlljl Ju«JI 

■ 4-Jj ilut I ^IJlC^I /<u^Ll! oj ilif 



1 



1 

A=1 



1 
B=2 



1 
C=4 


1 
D=8 
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1 


2 


3 


4 


5 


S 


7 


3 


9 10 11 12 13 14 15 



(_^L3 jljLC CuSjJ JaJaito ( 1 A - 1 ) J^n mi 

Binary counters JuSlj&JI obUI - r 

4_*jj_a CiL>.jja 4 -* J jl (jJl ' j^~-.; a 4 -* J J- a 4 - > "J-' '*-L>-J^ (jr^'-<J -SI JlC (JaC 4_djjJa (VA - V) J^— i ■"■ (j-uu 
4_laj>J m£| IL. jj-^SLaJ ^LltLij IjSj ,„" ^pJI <L».jJll -J-ij-J L-d-^aJ ^gjl inj -J-ij-J t-^la (_£^ (D j C J B j A) 
CsLiJajJ 4j_i-u jl JlJlII (J!>L>. J-4J LajLJ£. Mii_*a .A, B, C, D rjLie-U <J-£>^ <j-C SjLU CjI uajlJl .jJl^I 4_S^ta 
(jl (_^l c I j a La D r-j^njlj IJlj>.Ij C r-j^>Jlj Jlj>.IjU LjjI i na B r-j^>JI I <i Lu j a Ltall ual i na A r-j^HJl ,jj^~~ » ' 

^UiUI jjuJI Jij-^i ^Millol ,^ t ,;tl Lijt J>^^j • 0110 ^LSJI jj^I Jjcc^i £l^JI CjI ,\,;1I 

■ iJL^aufej 1101 



^ .t 



uLujj&tfl glut 






jaiaAxtl 




j_)Jl^»JI (j-«J .4_I^L>- J-4J (_jJ-I' '"'' t-^axlll Jl^I 4j_i*3 L><J j— lqTu j^I—uJI J I JlJlII (j| J^-ll mil (J-tLtliJI ^j_a •»■ » >>"■ i 
V jial m 1,1 "0" jJjLuJI jJljlII (jLa }lfLa 5 V Oj ^v j^L^a jLu j J i^kij j! Jul! I (_£ JlJlj UJlo£. 4JI jj= jJL 
4_*JJ^I jIJljlII rj-seA JLc ' ,-^-j" CjIjjjIj 4jujI aIjlScIujI .j^-l.' ^bJLa. <5 V jiaLb "1" JiLu-11 JJulJIj 

0-9 jIjlc s^b - i 

(jjj_aJjJI JJ 4jljj.II 4_».jJ,I (Ji>-Ji3 .xJaLilU (jt cLuj/ (_p3jjZ (j-L^aj (4511) (J- t -iu-aj SjjLIj (J_a^taj Cc- i I L a j (4518) 

<6 j 5 j 4 j 3 ijuj'^?! 4^-jLka ^JLc D j C j B j A 4^.jI1 oMJLta ^ V/q 4518 jIjljlII SjJb 4- 1 («A> 

o,j_ii> LiUj J^ju Ji«. Jl3 .CjLuLaiJIj CjLuiLijJIj CjLuLuJIj jI_j»-VI /_ d>_5 (-jL-uJI jJ^jlII CjI_JL>- J-il-aj < _ = p H 

jJljZ. (_p3j_*J i_$JlI' j^^jjlII (j-U-a * tlaJ CjljLiJ Pun «LLa rjitla (4511) *j A .". 1 1 Jj^ta JJ 4_*jj2l CjljLi^l 
(^_i_a 5t_il_ILj j^^-iisjVLi *j A ,".H ^Jj Ta ^_ 5 («-3j ^j-u^jJlJI (Jj-i^jIuj . jIJljlII (J^L>- j— <W (jr'-J' (0-9) t— )l L*a till 

0_i1j== i^j-II jJljlII (_ r Ic O-uU r-jlita 4 t i i nil ^jLa < <j>^gJH Jl^j>JLi tj-usj La I jj (_Jt>- '"'' uajJLll Jj)>-a (_>^>-*J' 

(_£l 4_<vl3 CjLajLiLa 4 t i in ,al JlJ-" i ul Ja a. ^ JJ .(_cj>-jJ,I Jl^j»JI (Jj >AjLt3 ^j_a (jj/_aJjJI > j-*- (Jj-><-> Lajtlc 'Liic- 

.(- miLUI jLjjJLi (^jjlII Cjuji ^>^*j] LiUjj 220 n L^la 



JUL 



5-9 V 



D 

IC c 

4518 B 

A 



8 



^jjljj jI^c. 



A, 




l&v^*- f 
14 A A 





a 




f 


g 


b 


e 


d 


c 



"X 



JjjISII liljiio *Jali<JI 



^jjic. jl^c. 'ijilj (V^-V) (JSjj 



\ .r 






*M 



\ \t 



lauSL'UIj iJjjiU iujjiSJ j^ 3uu>6£ j*"' 







tl^'i' "i\j L^ £ -3-«^ = - a Jj L$-ajUaj (. 1 1 n~>- *>l aL==iu I ,| jjljjJI i a_LLaj ~ Y 

.jj;,v.tijr^-ii>-dSUflj a3M3j^=jI - v 

./o i 'ij-ILi 7c-ni?jHll *_a 741 J^* '"'"'J '^~* a 0- u i J '- 1 - i <— ajUaj j^=Jt - 



.(j-U£.JJ3^>Jkl (j-uLffc (<U-ul J^=j| 



/j g== >Lg i l~3 a-=3 J J* '" "' '' > '^-—i ^ iJ-aX Ttxa aj 4 laj ■ •■ « 2 >j'-i js-uo' 



" 1 

- V 



Jl 10 mV ^j-a JaJi La ^j-ul in~>- > j - *- j l== »"' J^* ."."'I « .^— » ^ ^j_a {yCas*-jua a > **■" ■ •■" j i ■ ==>J 2j_il.i /«-a-i^s - A 

.SjjIjJI ojub rtu-ujl .1.5 V 

Sj^lj !l j-lj ^— J J_aLta jj ==»J d-po 100 HIV J 50 HIV Jj J j^l J-*?^ » i-^-tlj, ^ * SjJIj ^jLJr'nil ~ \ 
.(_<j>.j^a 7TJ^>- (_yic (J J La-Sell 1 j ll==»J (J^aLl^a dll j 4 i g==»Lg 4_uL) 4_L>-j_a aJlJt" i nl £ 10 

t 2 kfi ^yjfc ajo-lj 4.^-La 4-ls Ri, R2, R3 oLajLHI Jljcjj (Y1- V) J==ui 4- ^ cP^a- 4 ; J4~^j.'^* ~ ^ * 

.500 (^gjl mJj-i==m j-Li~=aJ J^sLta (J.tr>o (Jill R e 4_l>-jL>J| iLajLHI 4-a-La >. ■ ma. I 

T A/HI 7 <JaL==>lI,l «j*l jJI a jLielmJ jLga. j«Ja-La Sjjil n p mjl - M 

jjJlLo I a ajl>.| ttj^- I J^^>- Lij 220 V -S-ip-« jLu L^JL>.j ^laJLli < n'mll jLlLU ajjJu j>_l1o sj-j'-s ,jj^~~ * - ^ Y 

.-12 V ^lillj 1.5-13 V^ 

.L^j LloL>JI (j-^j-dJ' ' . il==»|j t aj ^~, , „ ^ ^Ul 555 ( _ r lajJI c^jJll SJLx=== > luj (<u-ujl ~ ^ V 

.(JJLiJI (j-«j (JL\«I 4jMj 7tliJI (j-aj (jj^-ij <«L-po 10 C/S <JjJiJ9 '-i-i>J (j ^ ***' d*^|-a aj^l J (<u«-lo ~ ^ £ 

.L^j 4j^>L>JI (j-LJ'j-dJ' ' . il==»lj £ aj ^~, , „ 1 1 555 ( _ r lajJI di^jJll SJLx=== > luj (<u-ujl - ^ 

.IC555 C^|Jll aJl^t" 1 ill .L^>-Jl^ JjJtAJ U'J^ (J '"i"**- S JlI j q"i ill 4 La ■ ) 7T>><-1 Cj^|^o ajJIJ (<W3-Li5 ~ S"\ 

.(i>ic JJ^JI 1110 ^UiUI jjuJI J_^ - W 

.(^Lu jJl£. Jl 12 ^jJLiaJI jiju«JI J^ - ^A 

. (Four bit counter) xJaLHI (j^Lij ^LjUI jljmJI J^c a^jjIo ^-<-ujJI «_a rj-il ~ ^ ^ 

■ 4 t i n"< Jl J(ltr> {_ys Jl*-I jl JlC 3jjI J (<u-ujl ~ Y * 



\ • i 




.^ irT>p II 1 1 1) n i llrj -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 



iduSyLllj JLJjuU 2biJj>£l jj *^u>^ j*wl 






. (-O-^^aJj ^^dhP <Jj' L?^ 'W-J' ^jLfJj>^=J^lj 4-Uj-4^=JL! aJUj«JI (jmnVI £Sjjl>s :3jlJw*JI 

: Lr lc !j.lLJ9 (jj^aj ajL^-^JI ojufc J«i^-i" LaJuc 

.TtJL.LajLHIj Jl^>JI <jLl!]L^= Lup^^aJI <-<L ^-.tl (j^/LiS • 

J q"|) nU jLjlIlj -S->p-U J^tP"^ O^i Jjj-^' ^J-*-* 3 * 

. ' a-u^alllj J>J>-pJI J^" 4r *>U«"uill Cj}L-ajII jUaJalj Jljlal J^^>>J • 

.4 nl"iTe-ll 4_uj^^=JI CjV^e-«JL! CjIjLuJIj ^j j :> II (j-uL;^ • 

.4_uj^^=JI CjL^=j^>Jkl (Jl Lag ' (_^a-tie ifaJj <13jjl>s • 

.Jj^kJI a^Ljj CjLJsIjj Cj>U-jJ,I tjjq.UllI gialjja 4 JLLa£.2fl -j^V. 8 :." • 

.4 t-ij i njll *I_^JI i ^JJ^~~> JJ ^'dhP-^ 'j-4^' 4r ^h*J(j^~^l sjJuill j-jIj^ /<\ j <i i ^-il j ( <U -"JJ ' **l>^ * 

.LujjJj icL-u YA 



.^ .0. 



'iaj!jJl3jb->JI 










iUjj^S uULlS : \ (ftij uJ) JutJI 

*Luj j^-— J! CjLojLHI (J-uLlS ~ \ 



j»jt 0>i^ i3^ 



Y 

r 

£ 



Z^lUldljjVl 



Wave generator CjU-j^j jJj^s - t 


AVO >L^T jL^ - ) 


i^l ii Mil S^oJ ~ o 


^jljj^l S^JulLo CjLajLiLa - Y 


(Jjj-ajj ijJ^Lu/l - *\ 


)-<vli JL 1 ) Lull ) J La a — Y 



: L^-La 2 JJulLo ^'j j^~~* CjL_uLi^ ^l^r>~2 jUxa^B z\ jL^s- aJlJt" i njj 



jjpJI <j-"Lls ~ £ 


2 ■ >j (j'^— 1 " ^ A y "1 1 (J-' '* ~ ^ 


i-\\ n~£-* \\ 2» . „ jj.,1 iA - 


( -S-Sp^aj j a" i n a) ^j^^-tJI jLuJI (J-uLiS ~ V 


jjjIjJI LL>->L-a o"LjS - "I 


( Hjluaj j o" i n a) (jr )j(j* : — xJI J (j ■> 1 1 (JjjLiS ~ Y 



■ 4_li-l>-j <QLLaj 4_*_ij_a (JU=a uil dlli CjL>-j^a JljJjj 4r l -^-iL>.^JLl jJj-a aJlJt" i njj 
4 la j i •■ ' I j^— ' a J LgHj ■**'" (J j i •■ ' C-^>. d j \ja^~, \\ jjljjJI ^jja^aull aJl^t" i n"^ i ( \jt i (""ill 4^-jJ Lai 



A .V 



'l UU fiUbjjJj 











^Lu^TO" i)J^=u 



OFF j\ii\ ^= 3 - Y 

V j-<v L i-u.t, I J<j*>tl (J->jL^ J-^J ~ ^ 

V~ j-tioXI J^>JI f-^J ~ £ 

jLpJI jjj/LjS f-^j ~ o 

kHz j>j>i!1 (_>uLj^ j-^j ~ V 

t_JLJQ COM JijJLl j-^j - A 

q a a he * II JulJ! (Ji»-JL^J ~ 1 * 



.\ .V. 



4ju!jJ!3jb-*J! 






jcanaftUl 




j^ajB 






JjaJI iji« A^j^ll JSjS 




( Jj * > SQ r" 



E >» 



Wave generator ^W-^ 4>° (^-*) <-^ 



ji>jVl Jl^>JI Ji-jLfl 



oUj^.1,1 r,iiT. !>^L«i 




Bread Board 



I*' I I III) <l». 



.ji (T-£) j^i 



^ .A 



4ju!jJ!3jb-*J! 









■ i Uj i i"i"tl <L>-jJ (_r^- j" .'"_3 4 -4- t -° 4- a jL<i- a ^^>-' - i 
.(Jj/LlSJI ^Jua 3 la a. N * *_a 2 ajl St I (j-uLiJ9 ^-tij (jr^ 1 AVO ^Lya^^AJ jLll > - zl ?-LliLa «_ii ~ Y 



ii^Luj^a^l ss-lj^S 


f,LS*<* 2 ll"^-. , ) 2 ajlstl (jljtf 


r 






i 






Y 






r 






i 







jUUI ^(i-i) J£^ 



> >\ 



4ju!jJ!3jb-*J! 












V = jLuJI j. t i^-sa 1 /j~w- 


4^jLHI XjLiil 


AjLpJI 


12 4_ajLmi 


r 








i 








Y 








r 








I 



U = IR (4-1) 

•• * ** 




^?JI ^Lja (°-£) J^ji 



^ s 






*M 



\ \t 



ia u SoJIj ^JjjiU 3bu$ji£J!j 3uu>£5 j*ui 







■ AVO jILi-a^a^l Q»ljJ3 J^-m ~ V 
■ Sj-a J^a 2_ jTu.a^VI °»1>9 J^-^J (feQ 10j8j6j4j2)R 4-ajLH.I j-_4*Tl) (ol - £ 



\/ — j\ t~A\ j i ,^a t^~w. 


R E 
R + 10 


Vj^I 


kfi LajLU.1 


f 






2 


\ 






4 


Y 






6 


r 






8 


£ 






10 






ifcl* 



I M I III I i_L 



^=ljj_<i>.2l J>j^L*JL)^Ll«^3 2I 2*1^9 OJ^ ~~ "^ 



4 _ r lc «L>-LLiLa *_iis j ^j_uj j_3 VI jl j-*- ^_ JJpJI jjj/LjS ji'*~~ » 1 ' CjL>-jJJ jJj-* TTJ--*- J- 1 ^ 5 ~~ ^ 

. jJpJI <j-"Li^ ?-^3 



^ ^ > 



4ju!jJ!3jb-*J! 













.4j*.jJI ^jLvl -i-ipil jLlIlj j-<vll.u.U jLxl]l (>U t3j-^' ^2jJ«-a - S 

.4j*.^JI (_gjL>»| .s.sp-U ^jLpJl aj>-3-« J^— • ui iajjL^s - Y 
Wave generator CjL^-o jj^a - \ 



< 'j^~~ * * "j _ * "t - Y 



j!ulAj£\ ~ X 




Oscilloscope 


X-MAG 

■ 
X 10 




[3 


CAL 
(i.!V 

2V 

ru 


~ COMPONENT 

■ m 

— TESTER - 




1 



IDC 

lAC 

CD 



CHHI DUAL ADD — ^- //^V 

■ ■■ lQo„(f/ 

RG VII 1-CHOP-l ■— ' _L ™ _L " 



'J^~~ I I "»i-Ll u) (*\ - 1) J^— I ■"■ 



^ U 



4ju!jJ!3jb-*J! 










.CHI ' 'J*^-* i "jlj i "N I Jj^l 2 1_jL2J1 <_Ji>.JiAJ CjLwjJ,! JlIj-o r-j^ta (J-i^J 

/«-j JJ^jJLI jLuJI jLll>.I *_a 4_li-l>J| «L>-_jJLl J^~* '"' J**'~*- t«J CjL>._jJJ Ju_jj3 (JJuIu 

• ij\jua -i-i^J (jr^- -^-tP^' *•*'"' •'"' Ja-uJa I 
i-^LU! J-^>!l (jifi. TIME/DV ^.j^.-jlj.-Vl; ^UkJI <j_aj.ll ^Lli* .Uj.^l 

.(V - £) ^j*— ■ '■ 2— I o^-» *j flli . .. aj 4JLaL__=> jLp-5' i ^ > -^ A iSj^ (jr^*" 

:-J3^L*JI <j,a f jL-Li!l -i-i>i <- ' '"^-1 (<U <T i l\A£=a ajjJ jj-aj JJLv 



f-I s 

T 



(4-2) 



■ U max = 1.41U (jT A^a J2>]j < <j^-» ...jlj...vi 4_iiLi 




±*yjl\ 3jn -uA\ jLoJI (V-£) J_=_£ 



:(J-«jl!| c2)lj_L_t3v 



- \ 

- Y 

- r 

- i 

- 



V 
A 



\ \r 






*M 



\ \t 



lau&UIj iJjjiU iujjiSJ^ '^J^ J*" 1 







uLtdaJ 



j^yjl JlJI /*-l_l"lLJI I Jl-iJ> (Jl -1^-—) 4-La i-ulfrJ lIIjIjJlJSj liJ ■•■^"' (<U-J3 (Y) J ) (_jJjJljJI (j^a »l fllj VI Ju«j 

UL>» IL.J t«GISjf (^JJI dljal ^jli-m.a *Lal (v ) 4_a}Lc x-iis^J LiUjj i Sj^ajJjl j-i^l_L«JI J * j . ^ ^ J^—t 

.llUJlj 4j^sL>JI ajL>JI iL. 4_«}L«JI «_ii5 jjjjU~.lt 2 n jtl LJLll Aji£. 



:<uk. 



jjJlLJI /<u) (_£Jl!I Jal Miitl /<u-ul 



^-'J J^~* ^L^Lj^ 



(slji^l CUlSjf Jjb) dljVI ^jlma 



i^= 



L5 



V 






j ^i_L*J1 



.<Luj^^=JI <LajLiiil (j-"LiJ9 



1 

Y 

r 

£ 



4 LlJ3 jj C L^Ji j| (jr JL^=JI (jLSjVI <L>-j.} ij\ jjj^^aj tl (jj_Ll?|) '"'I vj all «_u^>J 4-je-llL1I J uaj (jl (_i^J 
aj_a tlaLiiilll I Jl-4> (jr lc ^— ijJljJI ajLc! i_cJ^-La LfJ>»- J I ^ 4_*jl_2JI IL. Sjj-iLa -ij-^-J LIUw £-J ' Jj -.'^"'^ 

.UJjJtil a JlC.1 i n <j\ ^$j^-\ 



\ \ t 







^ 



^ U 



lA u SoJIj iJjjiU '^LJjjift[$ '^J^ j*ui 






:j>ljjLLJI *' JLLaJI /o i ill 

£ r Y 1 :iJjUai :c_JLkJl^j 

.JaLaill fj-*^4 <>a /A* J-iLtJ La tj^J-iVI JlsJI :4_a}L*JI 
.lLLHII fj^xja (j^a / ^ * * J-^LtJ La tj^JLc^?! Ji^JI 


iLU^I 


(<1 nn"'l \n i 1 




2 i M^' : — , M ^ fl 3' ^M (j"' •* ~ ^ 

• jj^lJI o^LiS - £ 


'/ \ * • 2t\, 1 1 J <\£—!\ ij] ' .-*.* i~\\ \ja\\ a\m 



cl)l fc»-*-\l a 



:<_sjjJtl ?-j^jj 



^ ^e 



4ju!jJ!3jb-*J! 










:<_<jjJlL1I (j-a i_3JuJI 
4.»je_Lll 4-Lllojj 1L. J^^IIj jLilII CjLS^J-C at^^Nl * 



0-10 A jjpJll jLlUU jiu»t - Y .0-300 V jj>HI jLpU >L^^ - S 



4 '^ i -— ■ ■• /yJ^Lj 7-l"iii a 



dsLd, 4_Cj_<iJ*L4 



- r 



.CjljlljJiJI (Jj-r I n" JlC.Ij CjLulUI JJlC J-tC 



tj^ajtll Cjljtr-w 



Y 

r 

£ 



208 V 

c 







3> 





4-aaJ 4 ' ; i ^i jj ( A- £ ) (J£ji 




c 



^ n 






*M 



) \t 



lA u SoJIj iJjjiU iujjiSJ j$ '^J^ j*ui 







:CjU!jJ1!i (Jj^ i »*i 



(A)IljLuJ! 


(V) Up 4*.yi J^ 


(V) U L JaiJI J*^ 


r 


c 


B 


A 


oc 


OB 


OA 


CA 


BC 


AB 




















i 




















Y 



:CjLjL-u->JI 



LJbJI CjII^LlII (j-a <jJL>J 



(4-3) U L = V3 Up 



(4-4)I L =I, 



^ ^v 



4ju!jJ!3jb-*J! 










'.(_<jjJl1II (j-a i_3JuJI 



to^lUloljjVl 



oLi 4x.jJiJta -V .0-300 V jjpJtl jl/ilt^Tu^rJ^ - ^ 



M^i.n^M^^-Lli^ - £ . 0-10 A jjpil jLfilljluJ - Y 






tJjaJtJI dlljVl-V. 



Y 

r 

£ 



A»- 



120 V 



B •- 



C 







U]j<Lu^jj (^-£) J£^ 



) U 






*M 



\ \t 



JlijS,1]\i JbjjlLt iujjiSJ j$ '^J^ J* u, i 







:CjU!jJ1!i (Jj^ i »*i 



(A) I P <ta*jJI jLu 


i La -•- 11 jLu 

(A)Il 


(V) Up 4*.jj| J^ 


(V) U L JaiJI j^ 


f 


B 


A 


CA 


BC 


AB 


CA 


BC 


AB 




















1 




















Y 



:CjLjL-u->JI 



4-JIjII CjII^LlII (j-a <jJL>J 



(4-5) U L =U P 
(4-6)I L =V3I P 



^ h 






*M 



\ \t 



JlijS,1]\i JbjjlLt iujjiSJ j$ '^J^ J* u, i 







Sjlj^v A^>-jJ x_jjj3 V d-po L^J jL-tl jLuJI jl JlJII, Lljj LT ( - Jt - a j.I.'k*''*' 'Ar ^-.'J j^~*^ tiJ^LiduVI jLjiej 
jHI jLuil L«-JJ ' Ml , ,.11 *JaJL« jL^>-l ^j^-— i ' .aJJi^ta 4-»jJ3 (j£. Jl^j>JI (jl JlS£ J>J>J ^J 4-Li.t.a 4-»J3 £>£■ ' Ml , oJI 
4-^j-i Cmijjl I jl Lai .30 °C ,t-u ->ll >^JI Sjlj^x 4-^-j-i Qj ^-ij LajLJ£. tiJJij ( \ - i) JjJl^eJLJ LLlL 4_i3 
.SjIj^kJI <^>-jjJ Lt-u (Y - i) JjJl^>JI '2— J>_oJ»-_aII fc-tae-i^alll J^sLva J a *" i uj 4JLs liDi £>£. sjIj^kJI 



(X)i£ 


j^fcpJll 


(Y)Sfi 


J - *-?^' 




o)a*j^jii 




2_kHI 
mm 2 


(j^/Uj 


f^T^y 


O"^ 


f^T^y 


o-° 


_>j 


f^T^^ 1 


Im(A) 


In (A) 


In. (A) 


In (A) 


In. (A) 


In (A) 


I»(A) 


In (A) 


Im(A) 


In (A) 


Im(A) 


In (A) 


15 10 


- 


12 6 


- 


- 


- 


- 


- 


0.75 


19 10 


- 


15 10 


- 


- 


11 


6 


- 


1 


24 20 


- 


18 10 


- 


- 


15 


10 


- 


1.5 


32 25 


26 20 


26 20 


20 


16 


20 


16 


15 10 


2.5 


42 35 


33 25 


34 25 


27 


20 


25 


20 


20 16 


4 


54 50 


42 35 


44 35 


35 


25 


33 


25 


26 20 


6 


73 63 


57 50 


61 50 


48 


35 


45 


35 


36 25 


10 


98 80 


77 63 


82 63 


64 


50 


61 


50 


48 35 


16 


129 100 


103 80 


108 80 


85 


63 


83 


63 


65 50 


25 


158 125 


124 100 


135 100 


105 


80 


103 


80 


81 63 


35 


198 160 


155 125 


168 125 


132 


100 


132 


100 


103 80 


50 


245 200 


193 160 


207 160 


163 


125 


165 


125 


- 


70 


292 250 


230 200 


250 200 


197 


160 


197 


160 


- 


95 


344 315 


268 200 


292 250 


230 


200 


235 


200 


- 


120 


391 315 


310 250 


335 250 


263 


200 


- 


- 


- 


150 


448 400 


353 315 


382 315 


301 


250 


- 


- 


- 


185 


528 400 


414 315 


453 400 


357 


315 


- 


- 


- 


240 


608 500 


479 400 


504 400 


409 


315 


- 


- 


- 


300 


726 630 


569 500 


- 


- 


- 


- 


- 


- 


400 


830 630 


649 500 


- 


- 


- 


- 


- 


- 


500 


.o\&-ujija (k>>' J 


i_ksq-Laj>. oJlC jl Jk 


J*-lj (J_LO a_4 ( 1 ) 4j 


CJA^J,! 




.Ml,, ,11 


dl ,,-.-, , , r\\\ ,^aVl jl ,", 


1 j^ l m 




.4 nU 


.a Cj^Uaa^ (Y) d_j 


CJA^J,! 


LdL 


-J! <Uk. 


-1 -i i aj (_£ jJI (_g ^LjU^-VI jLp 


J| j-aIkj 




.£•1 v*-j' ^- oJlx. 


a Cj^Lloj-O (Y) 4j 


cja^J,! 




3U v> lLi_jj>JL1 Ja-LdoaJI Sjl 


►3. 43-jJ 



jM^^I^JM^IjLo^I (\- £)Jj. 



u. 






*M 



\ \t 



lau&UIj iJjjiU iujjiSJ^ ^H>^ J*" 1 







(h( ) ( /* J i^j ^U *jlj~w. ^"*-J s ; lei) » i-»^"tl Jfll.fl 


C_, S Jl>-jj SjIj^kJI 4^»-j-S i^J^a 


0.91 


35JJ30 & 


0.82 


40 jj 35 <> 


0.71 


45 J\ 40 ^ 


0.58 


50^1 45 «>. 


0.41 


55 J] 50 cy» 



> g->JI JlJiS jl JlJL<u 4t-_9-^ Lr^ » USt| 4^.1 i na CjJl>-I 4_i (—i^ajJU ^j ^ j [ < ~~~^ LUflJI I J_4> (jl Jl>-j (jL3 .(Jxaji,! 



(4-7) AC/ 



pxlxl 



<LajUm /, fr D J £ HI <^p-U CjI Jlj>-^j (J-uajJj i Ml ( ntl Jia k> j it\ 1 j <A tj.u_al CjI Jl>-^j jLpJI J-& I "-i-^ 



.m 



cjI Jl^-^j LiULJI »U^« i>.L^a /^jb A j iMIintl 2jU a^uij-LJI 



Ju^xLlI 3 JUs»j Ld^LuiT jLLa^Tj LLa£.LiaJI 
V (jl L.LXIJ 2 Jl^^U ,Ja^ ^ LgaJaf jLj£.VI '£- JL>-Vl (-cJVJ jLJ^_pil S Jl>-^J JjjLOjlII tiJ^lxul JjJ^J JtJ£. 

. jj^illl 2jt3^jJ (J-*^- (_, i^i^l (j-« 125% ,yc. J^ajJU i dJ < » JJL 



HI 






*M 



\ \t 



JlijS,1]\i JbjjlLt iujjiSJ j$ '^J^ J* u, i 







^um Jam! uuLUl J*a>tl j*ti4jLu^l: 6fidjuJ)Juill 

.aJLc " £) JjJl^JI aI JlsbIj-uL dJJjj 4-L.lU CjUI Jiiel^MJ c-cmLUI ( lLULJI ) Jj-ojJII jLl"l?J 



mm 2 J..^-ll • _,..!;;„ 


AjLOJI 


Ja^ll 


SjJujJl 


jl^JI^ 


r 






220 V^U? 


i* 


4_Jj_La <L>-M3 


.^ 






220V Li pUf 


7&W 


<^— <1 i ,". i * i^—i a 


.Y 






220 V ^jUf 


5 Hp 


i ^ ~,^—,~\ %. t~^j 


.Y 






220 V ^3M3 


150 TR 


^Lu3 Tiiila 


.£ 



:jLlUI jjj^U ULUI cjVjUI JU. 






P = IVcoscp W 
P = V3IVcoscp W 



0.9 (^jUjj 2j JlSJI J^sUs (p COS i^~p- 
•<>UM TctLo i La C I I a Sj_L3 JuJirtHJ (. 1 1 nLLa clj! J_aL*_<3 Ajiir" i »l ~ Y 

1 T.R. =3.5 kW j^\ - Y 



>rr 



4ju!jJ!3jb->J! 













dsLJ, 'ix.^ij^4 ~ £ 


. 4-1 ju jj 1 j-iATlo -}-ip-<a jLu jJj-a - 1 


. jjjj.1 ijijj-i ^.j-" <j-"W^ jW^ ~ ^ 


JJpJIj Jl^j>JI (Jj/LlSJ Cjl^p-us^l a JlC - Y 


.DPST Jn^,„^llAx - ~\ 


. 0-10 A j.s>Utl jLuUjIlb? " V 



•.(J-aJiJI Cjljt-t-%. 




4.2 



ijLai JL jUJ! Sj JLUja£ j^tj ()♦-£) J^iA 



(P) ^j^^itl jJ^Jtl <_iLLaJa! JJlC Jjlj aS . V 

.70 Hz (^^ AjJljJJI lLij LJaj /<^J ^'j j^— II JlIjII Jjt uuJ *kJ3 . £ 

.(ajjjcIII aJLL Lblii Jl^>JI ljufc Jjl^I) >Ha 110 V j^lc Jl$-?JI Jaj^aj jftS . 

i (lampbank) »*l_iis^l CjLjJ, LajLLaj-oJuj LdJjj 3 A ^Ij-^- jLjIII Jaj -^j DPST r-LlaXI J ^> *J3 . "\ 
(line current) JaJJI jLuj (coil volts) i LiXI \j j-^-j (line volts) JaJJI >j ^>. Jj^e-^j «*lj_aj *Ja . V 



)1T 






*M 



) \i 



ia u SoJIj ^JjjiU "iji^jXilj tyj£ j*" 1 







: CjUIjJIII Jjt- cuj 



' all 1 <_JJ2 fjj 


RPM 


I <jLpJ! 
A 


Ucoil <-alU J^»- 


Hz 


r 


(laminated core) 










.1 


(^yjljjk (—JUS 

(air core) 










.Y 


(laminated core) 










.r 


(air core) 










.£ 



lLsJkJI j j-^ ^jj-^ o-« ' ^=>tj) iajL^JI (V) ""j LjJI jj_^=j (remove the core) C;r iL>JI ■ ail I fj-Jl - A 

.(->->p% 

>j j-^j (line volts) Ja >JI >j ga. J-i^e-^j S?.|j_Sj ^Ja *j jj^sj (laminated core) ^^HjJ! <_JLI!I «_iis . ^ * 

. -i-ipil LdJJL^nj (line current) .U-^tl jLuj (coil volts) i alii 
lLsJkJI j j-^ ^jj-^ o-a ' ^-.i") a^jL^JI ( ^ ♦ ) aj-kiJI jj_^=j (remove the corej^yiLsJI i ail I fj-Jl - ^ ^ 



.0 * S^laJJl IL. I o^— JJpJIj 



Mi 







*M 



) \t 



lA u SoJIj iJjjiU iujjiSJ j$ '^J^ j*ui 






:Cjui i n"*.ti 



COM 


L-coil 


z , 

COM 


COM* 


Hz 


f 












.1 












.Y 












.Y 












.£ 



Sample calculations obLcoJl Jul**] : Jlfu 



/ 



N xP 

S 

120 



X, =J(Z 7 ) 2 -(fl 7 ) 2 , L=— ^ 



.(J-lLiJd jJI j^)-* J^""* JlIc if-Lus 2I diLti /J-^JJ ajtji (jjl-9 - V 

.(j-^jj^ 3_I1 (j-a (J^= JlI^. (^y^jLSjJI <_JL2JI x-^j iJL*. (jjLJs . Y 



Ho 






*M 



\ \t 



lau&UIj iJjjiU iujjiSJ^ '^J^ J*" 1 







uLubJ 


p , ,^-,tl |.\ ^ Jl <£^1 2L ,..lj, ^l"|j,i «j <*1 ...A", p , a ("l)j(fl),(J) , (V) , 'JJ' 1 "'" o" '- l ^"" , ^ , l *' 


!s j , d-,;^"| ^.Ml -1 Wl ^j", .., « J «f <v ^ 2 „M^ . ,Xj. ,/lt\j , Xjj^-,'it| j.^h.tlj^j,^;/- J<^- . t "1'itl 


,*lt.\« 2 ,^1-i.tl 2M-i.1l '$> 2 «\l .tl * ,^ j , ,U~U 2 ^-jtl 2 ,I<1* «..ir 2tl-w. 


:4_lLc cjjJuJI pj (_£JJI iUl Miitl pjj/l 


jjpiLI jLpJI 


(*lj^l • "■'*"} Jjj,) -| sVl £y-:* 




1,1^ 


^H>* 


V 




j (rt Li±JI 










.<L>.jVI f^y^ jLllU Y2 q^-ltl J-u-ajj (^J^l SjJlIII - ) 










.<ta-jVl ^^ jLlIU A bJ jJI Jjj^jj tyk. 2j JlHI " Y 










£m « a J a-^1 2 i ij^^-.tl <~i\( '-^jt | i"ll , ,.l 5a jl "<-^| - V 










.2j3jL*!l (jyJLl AjJlJ JJI jj! JjJ^>>j ~ i 


2 | ,|« . , A 1 ^",j a| l<^-, tl jjl S"*>M 2 -^j > . 1 1 i'jo'^ 1- '^ U ( \j < itl) '~il ij iill • m-^it 2 —. .~;t| J , .-»" £,| < . -», , 




.UJjjJtl a JlC.1 ) n <u ,_£jj>.| 



)T\ 







^ 



^ U 



lA u SoJIj iJjjiU '^LJjjift[$ '^J^ j*ui 






:j>ljjLLJI *' JLLaJI /o i ill 

£ r Y 1 :iJjUai :c_JLkJl^j 

.JaLaill fj-*^4 <>a /A* J-iLtJ La tj^J-iVI JlsJI :4_a}L*JI 
.lLLHII fj^xja (j^a / ^ * * J-^LtJ La tj^JLc^?! Ji^JI 


iLU^I 


(<1 nn"'l \n i t 






'/ \ ♦ • 2 V 1 1 J i<^~ (j| i .-»-i i"i| n» AtJ a.\ a 



cl)l fc»-*-\l a 



:(_jjjti! f-^jJ 



^ rv 







Electric Motors aduLj^aiutf^l 

3- jj LaJI 4_u}Ljj single phase jj-taJI LjjU-I J-?p-M jW^' °' J ^-u^j-^ 3 ^' CjL^=j^>II .ajtitL-uj 

4_j gJ)...CjLsr <>iUj ^jljJLl tilai: Ij <>»tl J-JLuil! i-dJij *Ij-jJI ' * n^'j Jl -£>-!-^' icl_Li-a JL^a IL. phase 

■jq'uill jLjlJI CjI j A^Uj^^aJI oL^=j^>Jkl -a JlJcTll-uJ I Jl>. 4-L.la Cj^L>- 

^j 3- phase induction motors J3 Li\ 4_u}ti i&Zte dl^j^ - ^ 

Squirrel cage motors i_iUe_L..JI j,-^^ Lilj^a . I 
Three phase, wound rotor motors oLalU jj> jIjJlII j*>ntl oli CjL^=^&a . <_s 

Synchronous motors ilalj^il CjL^=j^>II . _^. 

i:^Aj single phase motors j^kJI o^U-f ol^^** - Y 

Split - phase motors pm^U <i^ji\ oL^=^ta . I 

Capacitor- start motors ■ ^^- aj 4^=j^>JI I Juj CjL^=^ta . uj 

Capacitor start, capacitor run motors ■ afi^a <u jjj3j ■ *".^<y a^j^JI Ijuj CjL^=j_jta . _^. 

Permanent-capacitor motors *ul j ■ a?i^=» <u CjL^=^ta o 
Shaded - pole motors £aj ^ m. a <_ iLLaJal oli c:L^=j_^a . _a> 

:CjL^3j^>JlI Jjt mm <La^L<-u (jLa-ciaJ ^Vl (j-* * ^-» i " t 

(FLA) w ^"«V| J-a^J1 J if 4Tn-m ,j-<J 125% £>£. Cj^L-ajjjil Jj-a^J JJ>J "^ jf S-^j - 
.4J JiJIJ (Jjjwo CjjJl>- Jtlc udj^sJkl j]^ r ' 'j J ^~* 1 1 J ua^J 7r<nit i-l!j^>J,l Sj^'-S 4t- 4->La^>- (*UaJ -S_a^>-J - 

■L^j'j- 3 * - ^^-a^- (J- 1 -^^ - > 3^*J ■ 



UA 







Overload Protection Devices jSI^ji J^JI <> ^liyi sj^4 

: i_djjx-«JL! ajJLiII <uLa^>JI lj^>.\ ^j^a Jgjj s-gAj (jl c-aj 
.(Thermal overload protection ) i£jl>* ^L*^ J- 1 -^ j^>-j *-a ^jJj a^=j^ fe jL _ 

AjjJlJ ioLcl . (_£jljj>- 4-)Laj>. (Jj-isLa -S_a^-J *-« fj i 'ijl^LLt-o 4_^=j_»- i_£.}L> _ 

(Thermal overload protection- manual reset ) 

AjjJj ajLcl . i_*Jj^>Jkl *_a J alssalLa (_£jlj_»- 4jL«^- J-i^La _ 
4_t^=LjjLajjjl 2jLcJ . i-l!j^>Jkl x_a J *l^-."i* (_£jlj_». 4-lLa^*. (Jj-aLa _ 

(single phase motors) Jls-I^I JajJI oL^=jj*/j . 

120 V motors . f 

.4_uisj 2I j-t£. Cj^L^ajJj j^a Jl>-Ij JaJ^J jij^~~ ' ' 4-)La^><JI (Jj-aLa 

220V motors . <_i 

(3- phase motors) .UjU-^. ^>HII oL^=jj*a . 

3 
ajUj>JI J-^La 03^=^ <jf S-^ 559 W(—Hp) ^yaj^=] jf ajjL^j ijjjs LjJ ^pJI cjL^=j^>4I _ 

. Sj^IUI 1 La j La be \ \ 



m 






*M 



\ \t 



JlijS,1]\i JbjjlLt iujjiSJ j$ '^J^ J* u, i 







CjL^sj^sJLI f-jjiaj-cJ (j^sLiJI (_£jJaill *-j^>Jl f-^J-'j * 

:c_«jjJlLI| (j-a i_3Jl-JI 

.jjlaJI 4-OL>.|j jjIaJI 4_u^G CjL^=j_>Jkl ^j-a p'j->' »JlC i •^^~'j"j i-lLaj 4^j-t-<i-l i_JLLaJI AJ-2-> 

(Three phase motors)j^LJ1 LuMii <"<l^-.j — * l Jlc . 

(Single phase motors) Jaalaj. ipU-l CjL^=j^&a «Jlc . 

(AVO - meter j+laj£>\ ) ^L^ Sj^».f . 

J l_^o-*-!t dlljlaiw 

jdJj^Jkl SjJiJ9 

:(^Uf f I ^M3) j^kJI 

:t-dj^>Jtl J j*'V< J^4>- 

tjjjJLiluJI jLu 

:w^l 

-J^l^Utl J_«j>J! juc. udj^Jkl icj-i-u 

tjJjwJI ajuj (J^oIjla 

jljjjl J <^»»tl 



ojliiJI j »>»«ti 



pjjJiLJI 4_ajLiLa 4.q_l3 

(J-ii i"i"itl <LajLila 4.<t_La 

Jo-j jjj pjj *"'' ' *"*— ■ a At i a 

Jl>-j (j I (Jji '"'" 1 1 ' fllt^a a 4 t i ii 

. Jl>-j (j! 4£.jjj 4^=j^>JI (^jL (Jj*-j_a 

4^i^jj ajL«j>JI x-LsLs 



>r. 




CjL^3j^>JlI £jji»jxJ (_^L>JI (JljJalll ^j-^JI f-^'j * 

-:c_<jjJlL!I (j-a <_3JlJI 

Methods of starting (4J$£l}I 3jJa ja*l« 

J ^yjfc «La*jVI L^y^ (^"i-xtl tilj^sJll fVJ*"'* AjJiLlUiVI JjjlaJI 
oLaiXI jj jljjJI j.>.«tl tiJj^ta IL. jljjJI j<>>«tl 4_«jULa . I 
tjjjj^a ^j^ 1 p *j ^~ ' I (<u-i /yjLa- i i ntl ^j^s Arttl tiJj^sJk 4 1 1 nitLi . <_! 



(direct- on- line starting) j-uiLXI pjj*"-*! . \ 



(star- delta starting) ll! j . Lj^o . Y 



(auto transformer starting) Lul JJI cj^a^Jtl T 



tl!j^>J,l (overheating) iyiir m3 i_cJjeTLl 1 ,^A^.;^ pjj^'tl jLp jj^-— j jl s-^-di r pjj**'^ j^P * 

C^j9j J-iiall *_J9jlil Jju»JI aJ^I (j-a j_<^=i 100%J 50% (j-u La (jj^~»J (jl i— a j :/<u_a2lII AJ^l • 

.ui!j^>Ji,l /<u_a^J 

(Direct- on- line starting) >^UI <<u>2i]| . T 

( (_£^uLl!l (_iLa- i i ntl ^j-^ a£ eJ^jsia r^Jj SHJ 4 al^a J ' **J ** _' " ' 3.J (j-* 3 * jL *^ aJLi^LiJ! <?Jui 

Jl 500% ljr i\jJ>- Jl pjj Sl!l jLu J L<aJ tL^v J *l^—tl Jl^j>JLi aj_j/Li^a dJj^sJkl 4jJi-*3 Lfcl^ (Mii 

lj_^j .Jjt ,V,t| fj_c t >a 200% J I 75% J\ fua-22l! f>c <_L^ Ulu tJji.V.tl jLu <>a 700% 
'"'I ^-— j Se.aU ila a£ J o t"i i »" 4JL^laJI oJJt, (jLa tiJj^sJkl (J-ti mi" «. JlJ Jtlc Jl^>JI *-^ j-lj ^— > ! I Ja 0.14!! 

JSj-ii-LtaJ I CjIjJl2JI dili 

(Rotor resistance starting ) jjjJI j.^ttl ;ujLm jj^L ^ ^«uaJsui . <_> 

(J LiaAja £ (<uj_53 aj C j x *—>' (jr^C ^}j • -^ *- 1 1 (j ^"^ a ' ' J'J^' J tJajdl SjjI JlJ CjLajLia iaLiisLi 
d'^l <^tl CjLajLlXI J-a-AJ .(ajj-flliJI S^L^ 4 \A-> ^j-*-^ tiJJJ Lr^- '- :> ' a^JI Jj*^-— ■ ' LpojJu CjLajLlXI 



> r > 



4ju!jJ!3jb-*J! 










.<>L^=JI J^JI jLp ;> 150% J I 100% jjj^ 2_ ^u^ jLu £* JJLSull ^ ,> 250% J I 

(Star- delta starting) lab . u^ ^u^ . ->. 

{j-a <&£.j—lu ' <j~ Sj LajL-Lcj 4_<a^e-Lll 4_Hjj_Laj 3 Jl aj ^ (Jj-t-ajjj «L>-j2l ^^^Ji^Lj (jJ_^_>Jkl Jjt i"i" IJl-U 
JLLqj .(JjJ^jj y-' Id * 4 la i alaj LlIjJI aJLu-^jj Jl «GLALa (Jjj^sjj Jjjjjo p~Li J aL^a ]| (J-a-sJI <Lc.j_i_u 
4_L_i^3jj ^_ Ja >J I > J~\3 jLlli 4_JjLiLa V i— j) J *t (Jjt i*i"itl «. J^J jLu (jia-AJO 4_djj_LaJI oJ_A 

4_JL>. ^_ 4-Tlc-l3 ^j_a / /— J] I '^>M pjj Sltll (»j-£- (_pal aJol _a_ii> 4_ajj_LaJI oJ^Jt (_i_ui Lai .QJJlJI 

.LlIjJI aJLu-sjj 

(Autotransformer starting ) tz\ti\ oV^Jtl jj^L ^ <<u>2ill - ■> 

/y^>- (Jjt i"i"tl «. JlJ 4_L>-j_a ^_ r'jjJLa > $—■ 1 i_l!j_>J,l 4_ijJlLJ ( J j--" J utlLa) Jil j (Jj^ta .a Jiir" i u t 
o j^_ib J_l*jjj .4_Lal_^=JI «Ccj_<-u Jl lilj -sU J uaj LbJ^_Lcj J aLaiaJI Jj* mi"! I J^>- Jl J t^aj 
4_3ejjJ 2 A I ■^— ^ j . ", »" 1 j'J 2J i 4JLi mi"i * Jl_i Jl-Lc i_dj_j>Jkl > j^-j J^P 4-1^ 4r f«-==-*tlILj <LHj^_laJI 

. Jil J (Jj^*-a aI Jii&l<-uZ 

:(J-aJLll tliljIaS. 
:i^3j^>JI *.JuJ jljjJI jjuajJI CjLojlJLa iSj^la _ ) 
i_aoS j-^=L) OJj^Jkl Jji muj fjul .(U- £) J^ loII 4- 1 ^ o aVy.VI Ldj^Jtl J-u^oli^ 
a-iisjJI ) j-*- jLu CjUIj-JS J_>-L) (C-J9 jJt LtaJl Jlj>- Jl 4_ajl_mi 4_a-L3 (j^ibl Lpojju («J 4 "J I SjaJU 



■jmij.^.ll 



jljjJI j uajUl 



i^=3J-J*JI ^jLi 




-<A> 





— ® 

i^=^JI *JljJ S^-Jtlil c^LajLSlI iij^Ja ( l l -L) J^=ji 

_ irt - 



4ju!jJ!3jb-*J! 










(Star- delta starting) ii=>^Jt *juj bb . U^j i^L - V 

4- L«-^= (star- delta switch) Llta . 4_^>J r-Llla i_aljJaLi u-sUti^JI (j^-aJa i_dj_^a Jj-uojSj *-J9 

(U- 1) J^-,,t,tl 




Y A 






| (JjjJCwiJJi f--iJ ^ (Jji-iijll A-^aj 




(Autotransformer starting ) i^j^Jl *jlJ <z\ jJI oV$»jii <%,!= - r 

7-Lla.a jj ^— j (jl 4 ^—j >J| |Jl_i J_ic jJljv! .( ^ V - £) J 1 ^ ■'i.tl £_ 1 ^— i_<]j_^>J,l J^uajlu *Ja 

4 ^3j >i 1 1 «. JlJ ?-l"nia tsIlS (JjS 4J9^L£.J /<uj Vlj tcIlS f-iij 2_ Jj« <Vitl 



1 i r 


L 










1 , 












<*W 




^ 


? 




cP'i Jj* 


^ 




f 




_ L 


(J-JLdujI 


z / 


/ 




1 


i 




3 


f* 


^ 


/ 




r 


/ U 


=j^*JI c-JL) 










% 








1 


i 

















^1 JJ! J^X\ ilxu.l_jj *^=>>JI cJlj ( 1 T-£) Ji=u5l 



. (j^=L_uJI j) i^i*\\ aj-jl-i (jyJ^ 1 (J-^J-^^-^H 3 ^' ' 



)TT 



4ju!jJ!3jb->J! 









Electric Motors Trouble Diagnosis a£^lut^l^JLWtflj*L*£j 



(jljjjJI JU£. j^5££. <b jl ajjflj V LLlj^>Jl1 " f 



JoalajJ ^ 'J J^"~* SJulL-uU aj9 



ijjjlll 



.i£=v»JI ^J jLJ jqjl j^— 4J jlij Jj=-J (jJl J-^=ti . ^ I 



(O-K-l 






rfl-K-l 



^.jjJpsjVL » U« ,_^t jls-jj Jj» Jg—j-^ll ^jjLi j - — a i *£ . Yf 



i^rjjjl ^JjLl yli^l 



rfU-1 

V 



1 



5 i Uj U -^ 1 1 t J^a i r U^^s J^^J (J-A .V! 



AJU 



J_$_>J| 7B-LSBJ AJ I ^J3 



fULJ 



$10 Vo^^i^i jl4^J! 2_,>>Lii^1 liULla Ja_U 



Li^Lij^^jJI 7-^LiaL) a^ 



AJtl 


JL>-JJ Jjl .J u^jlll lil^Lmf L-flljla! 7-^L^aLl /ttJ3 .Of 




4Jj I a a q jl <L^3a^=uLa JoLij ijJULufc 




V 





J^JIV 


i_i_u l_L) LU >3tA >Tl>. 1 


AJU 











V 



I 



)Tt 






*M 



\ \t 



ia u SoJIj ^JjjiU 3bu$ji£J!j 3uu>£5 j*ui 







(J-L-aJt r JI jl .- 1 ^>" , ,,VI i. r 1 1 n <u'ju *5 



^<S-«-l 



(jjJI 2 Li^al ill i_Jj-«^>o jl .-I •^'"■■■1 J^>-jJ J-A .VI 



i_kJl2ll Q^aJll Jljulu/I jl <*^->L> «2 



rfl-K-l 



tjLoj 2_ i ah J^>-jJ jl SliUJ.1 £- Llai. J^>-JJ JjS> -A! 



udj^m Jl jljjjjI jl 7-}L^Lj /oJa 



f" 






I 







AJU 






udjjj.1 Jljulu/I jl CjUIU 7->L^Lj *ja 


S.«_La3 jl tj Lgajl ' j • ~ a 










V 





udj^m jijlji^Lj a^ 



rQJLJ 






)?o 



4ju!jJ!3jb-*J! 










Motor Runs cjj^ <l> Ldj^JU . c_i 







tiJj_5t_*ll Ol^jVI iia^M-a 



f~ 




^'jij AjjlaJtll i»*jjJt! r-^Lt^L) aS 



^JLJ 



tj-u 4_U [jj I -J Sfcj d ] I jj j JJ /CJ9 



rfi-a-i 






V 




■iloose Jj^Lui i±!jjJ,I ■"' i ;j"^j" Ja .Vl 



V 



S ^'"1'"" ui!^_>JLI '***' u^s3>j J_A . £<- 



v 



(J_A jt uAlq fCuiN ^1 ii]j_>JU 4_>.j^-o ^-u-o^Lj (J_A . 0< i 

S <L>. j^J, I 3rp- (_ji- 1 J Jjj*j%jO uAlq /c_i_uj*. till l_L& Jj>. jj 



V 



CjjLuI j-lajuI £fu ,^-u-o^Lj tilll_L& -X>-jj (Jjfc . A< ) 

SjljjJl a-LA«j 1 J 



V 



> r% 






*M 



\ \t 



JlijS,1]\i iJjjlLt iujjiSJ j$ '^J^ J* u, i 







yki..^ (jL°j-" 


^ipjf^ 


-1^3 (Cjj>.| o*_a '"'j t^aJl 


o^ J >=-i 


•(jA , L «>">h 


till 



-i$£»Jl £J L3 *jua Z i ^£ 




7<Ij^ij-Ji OJl*Tu1 J^a_Laj>. £j\i (jl \j1 aJl£, Jl^-o_) l Jjt : 



V 






j«ju 



(^jp J^~ tpMill iii>>JLl f^ ^) - (3-phase) 



^rv 



4ju!jJ!3jb-*J! 










Motor overheats o^-^ <^j^il - -^ 









(<S-*J 




. tl - 1 . tl : . 1 . v 






(<JJ«J 






V 












■ 1 1B3 LiJ>JtAJ LiJ )^>J,1 (J J U i ill 


J 1 JlJ^ 4_LyU 4-j.uuJ L) U-iJt-L^> UJ j_>J, 1 /«_»j>. j-llU 1 J_& . V77 






(«JU 






V 




i JJjLLaa St " ta 2 i_d>^>J,l (J-ulJuJ Cjljaj (_]_& .: 1 57 


jl(starting cycle) fu^-SUl Sjjj ^a^i 




(<S-*J 


V 












7L*J )^>J,1 4J4^$J ij-UU Jpla^. 




<LaLj ■- ^lu 4_U_3_*J < Q 






(<SJU 






V 












S *Li_<_uLLa j_lC Aj^jJ! (JjSi .uJjL=e_<m Aj^jJI s-l^-ii j» mi" ■ »' .: O7- 






V 




V 










J«- 4- »->LjJ -^J 2 J^ (FLA) tiI_)^>J,l jLu ,jjii .: "V 




llr j flAj 1 \_kaj 1 














V 






SaJj^m l&jjjlj (jiJi (Mixi .u^i .^to 



f<S-«-l 



^rA 






*M 



) \t 



ia u SoJIj iJjjiU iujjiSJ j$ '^j^ j*ui 










(<S-«-l 






(<S-«-l 



(«S-«-l 



tiJjjJll jjjij jl ^pLua^li aJ3 



(<S-«-! 



j ) -_.U»tl I jut (.,, ,n t ^t ii. 



f 






Jl^>J1 Tuxjzij S-Mt" i nU (aJ3 ^ 



(«S-«-l 



tJj^m jl CjUU! JjuIlJ 



(O-K-l 






V 






V 



S LaU. edj^lj ukp' cyb i> : \ 



V 






V 



sijuij b^i^ - ,^.1 ^^^kai^j^u i .. , ! ,„ - ja. : n^ 



V 



S 4j}Ul!I ' toj to a. 1 1 (jyu 



V 



S 10 % ^ ^jVl jf 



V 






>r* 



4ju!jJ!3jb-*J! 









Motor bearings run tj^u* ^^ jt ^^^ <>*U J^*^ 




(«JU 






(<SJU 



tllj_=ejjj (J^J-U .3>*£. J 



<JU 



,tlJj^>J,l ^** J " "Jl Ja-uIaJ ^ ^J 



(«JU 



J>LiJI c^pj («S 



^U 






r«-*J 






V 









V 



^JM-JI Jljr.Mib ^ 



r«-*J 






V 



5 &U JMJ! Ji : Oj 



V 



1 (_>-.-uLLa \ac j| ' a^IaJ j '** (jj-J^UJ Ct-ujJlII t ^jj <J-* : "^ 



V 



S il^=LLa ^JMJ! Ja .: Vj 



> £ 



4ju!jJ!3jb->J! 










: JJluDIj ASjjbJ 1 1 JJ uL^SUa JddtuIJIj (U^JI uUi* JUa£l jjj^L* < U LgJI 3jiall 

: ciJ j-sr o 1 1 (Jjt ill" llj pjj*"'i '"*' flJ " ~ ^ 
Jj-jVI JlJJlJSO ^j^— I 1 ' I j ' "J j"'i"J ' dLilXI <LajLiLa (jjjLSj 

(oo) <uL#J ^? La SnljJS '.(open) i>jji« LajLla . 
jJuuO s*ljJ9 : (shorted) a j j • * 2 a LajLiLa . 

.tiJj^>JLl rtMi'vj diLaiU Ld}L-o1 (>j Jl l^jI i_dLio> . (grounded) ^j^Li aJLsjjj 4_«jULa . 

50Q j 1Q (j-u jj^~~ '" «*'j^ •*^4 :> " 'LajLiLa . 

•-A-ajLol! 'Lp-^Lus JjJLselt] 
I JljIj (C) <-L1j~ miUj (S) /oj^alll i_dJLa 4_LaJL) <j-u as-lj-SJI pj-a^ta : ( 4 2li a) jjIaJI <LoL>.| CjL^aj^ta 
(S) pjj Sill I a La ■ "' La 2 ' (j-LJ S»| \j 2j| (_gjl ( 11" (C) liJ^" i"iUj ( R) (Jj* i*ii"tl I a La 4_LaJL) <jl_) A_ajLHI a«.lj_J3 

S IL>. 4- .( burnout ) 3!>^^LI iLLJs cjLojLSII jl c ^iyta Jjji LdJLlA jL^= lij .( R) JjitVdl i Slaj 

■ Ajjl i n"a Cj^IxJ' CjLajLiil («_l3 jj^~~ '"' (jl *— ■^j j_jlaJI <LuXi CjL^=j^>Jkl 

jjJaJI (^jU-I . (hermetic) J^Aill iil>>Jll 5-ajL2-« i-aljia! ajj^tlJ 

(u- » ) J^ At i a u^= (A, b, C) .--^--.w , t\j ^t i ,ui a j - ^' uy ' J^- i.*.* '-'' "j 1 si I j ■■"* - ^ 

( _ ;r jb iiLlLUI 4 LsacJI jj^-— "' 4-lIcj .( A, B, C ) CjMi!l JaL2l!l (j^a (jdaJiJ (_£l (j-U acljJS j-i^al Jl>-jI ~ Y 



3 > 

:^a oUljill A-B= 12 Q, A-C= 2 Q, C-B = 10 Q 

apAJll SU^;tl ^Jt, C 4_La_S-L!l j_o^=J 4-ik. A-B ^ S*ljJ3 J-i^=\ ~ ^ 
S /- a i n"j pjj 2111 CjLaJLa 4_Ia.2j /, A B 4 kaJLul ja ^-»" I JlJ A-C jj_a j-(_^=I C-B <LajL<m jl i«t-_p.j ~ 1 

.R /, a i n"j (Jjt iVitl CjLiLa i_3jJa ^Jk A a_^ji>.VI 4ja2JJ I jj' : ~~ '" La-Lu 




j_^kJI (JjLs-f i^JjJt* CjLoia i_aljlsl ( ^ £.-£.) J^-^ ui 



^ i^ 



4ju!jJ!3jb-*J! 










open capacitor tcjLs i ^.^-.tl- 
shorted capacitor jj^aJs 4_> i_ai^=J,l- 

.( 1 o _ £) j^— < uJi ' Ttoisjjs I -i^~~* ijLu 4_uiL i y-i^-.ti ( jj^5jj . 







■:U = Ix 



1 



2k fC 



(4-8) 



(4-9).-. C = 



Ux2nxf 



Jl^j>JI j-ii> U J (Hz JL) JJpil (j-A f J (A JLljriLa^l a*ljJ3 ^^-A I J < F aJ^^J I *".^—tl Stiii ^^ C 

.V Jl 2jl3.^j 



> ir 






*M 



\ \t 



JlijS,1]\i JbjjlLt iujjiSJ j$ '^J^ J* u, i 







uLSjJtt I JLbd jn jHriifi j^uJjJutJI 



:c_<jjJlLI| (j-a i_3Jl-JI 
. (JjjliLa i La C I 1 2a 1 jaJaJI (_£.}L>.| 

.(JjASjs Jag I »^->t jaJaJl i_£jL>.| i_l!j^ta - ^ 

(AVO- meter jJu-a^a I) (j-uLiS aj-^-f ~ V 

jaiaJl 4-OL>.| CjL^=j^ta 2 JlC Jo t" i u| - \ 

. Jk*Jl JjJ^U ^LUI JjJ^JI Ja^=? " Y 

(JJaJtJ I (- i 1 1 ii (_^a_LSe ■"■" ) /«J9 ~ X 

; (4_i 4_il3jJU <L>-jUI i~il A i-^lj " >. i i ii-w ) AjJLlJI ■ La C 1 i *a II dJj^ta dll fljLal J a -}Jl»- ~ ^ 

-S-SpJI - 2jJl2II - ..ifr>JI - 



, - 1 1 U ~v M n 


3Jljj>» 4_JL>. 


SjjIjJu J'^ a ^3^3 


cr^-J 1 A>»-J 


>^ -lH\9 


u^l 












(J 1* MM 11 CjLoLo 












pM Sj J 1 CjLaLa 












pM Sj J 1 L-oZi^zsua 












(J l » tw" 1 1 ( -t"^-» -« 












J~>ll 



.'Ulllj <L>JLx^3 PJJ^"' CjLALo 'LajLiii! 4.q_l3 : ^j^STJI dil a] a 

.'UilLj «L>JLus *jj^1'JI '"" al a <LajLai,l A-»-l3 : Jj* (""ill d)l aJ a 

.ur. 






*M 



\ \t 



lA u SoJIj iJjjiU iujjiSJ j^ 3uu>6£ j*" 1 







uUtbJ 



SJL>» IL.J c4_H2j! (_£JJI *I.}VI ^jlt-m-a aLsI (» ) LaM£. £-^3i LiUjj < Sj_^= jj.1 j-iaLUJI J * j .-^-^ J^— t 

.lLUJlJ 4_t-aL>JI AJLSkJI '2- id}L«JI x_iis Jfcixtalll 3 j t I LJbll aJi£, 



:4_tic ujjJuJI /<kj (_^JJI lLI mi ill /«jj/I 



4-Uj^^=JI DJ^3 ipJ ,1 



(*I.>VI CUlSjf Jjb) *I.}VI ^jTmi-a 



i^= 



L5 



V 



i3 J . 



j u>\±l\ 



Luj-^aJI DJ^a j — all JIU^ VI (_^a-tie ifuJ _ Y 
(-dp liiilj i «■ J jJI '(Jj-i <°i~t\\ CjI iLa i_ alj Lai J JJ^>o ~ V 

a Al",-»^ (JjJLtuJ *JtJ Jjj-LaJ *L>-jVl 4-U^Ij CjL^=j^>Jkl (J-tJ i*ii" - i 



4 blJ3 jj C L$Ji jl (jr JL^=JI (jLajVM <L>-j.i <_Jj "JJ^-*' 1 1 (jij-LlII) '"'I Nj all »_l»aJ A-je-lllII J L^aJ (jl (_i^J 
2j_a JaLifolII I JLjfe (jrlc ^— ijJt^JI ajLcl (_cjy-La Lpj-»- J I "^ 4_ajL5JI iL. Oj_iLa -ij-^-J aJUw iL.J ' 3 -.'^"'^ 



> it 







*M 



\ \t 



lA u SoJIj iJjjiU iujjiSJ^ '^J^ J*" 1 






:jJljjLjJI *' JLLaJI /o i ill 

I X Y 1 :4JjU4l :c_JLkJl ^j 

.lLULLII 9j^xj3 £y» /A* JjL»j La : U J^\ J^>JI :Ls>L«JI 


J^ULLJl 


^ i 1 5" 1 1 \j / 1 




<*^~ .*;, \ \ » i r , 1 ,tl 'Jii *",t| i"ll AIaiaIj t-.l,t !,!"»."- X 

2 i ij j^-itl <~il^-ij -»- ^It 


'/ \ * • 2V 1 1 J <\£—!\ jjl i ,-»-i i"i| Nv A^l /i.'i a 



dil fc»-*-\l a 



:*_jjJlI! f-^jJ 



^ io 






*M 



\ \t 



lau&UIj iJjjiU '^Lujjift[$ ^H>^ J*" 1 







Contactors & Relays uib-jJIjjaUUI jlal^S 



(J-^Ia ^j-* 1 Q-"' ""'' f-^'J^J Cj^L>-j_tl (J-iytJ . (j^L-C jLu (_r-^- L>" a"'l f-laLs (J-q-t-i La-Lu ^j'^ aie La jLp (_y-^- 
,J^=Liiu3 £_ (JjLvZla 4 ^-^ C\^-< A\ i_j^_l*JI Lai .CjLoUI i a I" jl (jjj^a^ij-II lLsLoJ i—oJj ^j^a LJLc 4_uLj^^=JI 

}Lj_a Jl^-Ij JJl^I (j_a j 4_jJj^ <_L>-JlJI f^Lajl (jj ^~-" La LlILcj (NO) 4^>.jTLfl.a l_ajL tlaLoJ ,- ^j • ^j i tuSj 

2,4,6,.... Jlla a^lj ja^^ jLo.jj^jJJ! j»lSjtj. 1,2,3,... 

l_a| , u ^a LI i n| i n"< 1 o^j (JjVI /<kJ9j_]l ^jj-^ajj 4_i^=j_a .aLajt ^j_a ^j ^-." La LJLc ^__ ibj : S JX.1-. »a Jal_Sj 

.: 4 ali a a! 4^>-j"i ii a OjL^s s'j-*-" AJaJLLtl pjj _1_L><_) ^ JJI j^'°i ^jLJI r^jJ-I 4 1 1 nitL 

r-jjj>. 14 i <J_^>-^ 13 : <La»j" ii a ajLCLm-a daLaJ . I 

^j^i. 24 « J^j 23 
^j^i. 34 « J^j 33 

(Jj^>-J 3 («-J9j ' LIjLj ^LjJI f^9j-5l (jj ^~ij La-Lu jjJuj (^ JlJI j_4> <Jj 2 I (*Spl (jl J-4> aLJ9j 2 I oJufc (j-a Ja^-^La 

£i>=" 4 ^jj 

j^k Lob ^LlII (<^J-I' ^j^~~ «-l 4-a»j" ii t, I SJlCI i n U JaLl-LJI ^_ />l'i^^— 1\ La I fejlg JLilaJj '^1'° a JicLmja JaLflJ . (_1 



\ f\ 



4ju!jJ!3jb-*J! 






janaAUl 





J 


I 




I. 


"""' K 












) 



CjJU 




u^^bjJalSCn-l) J 



*=^. 



Jal SjUI tcJLoj 2 laisLa. 'Liic- O-ui,! cJ^reTJLI ^C_L)_U>JI ( JL5JI t—ljuso <?jj_L> ^J-2-l ;_C JJIj OjLlII (_£JuJl>JI ( cJLS-JI 

. 4-a»j" ii I 1 JalJiiJI J^sjjj 4JLUJ.I 

rO^U^I" Y 



A£^iia Jalij 



^ 



AojIj _La\_aJ 



'_ Movable 
^Contacts/ 






Armature 



■Contacts/ — 



t^JJ^S (ji nVi l 'ito 



frbj^ll Ja-2 



^^.(W-^J^ui 



^ £V 







Current relays jLpJl o^U.^ . I 

(*u-jj t (upside down) L-^lS-a <J»-j-U j-^j i—caj i Jj>.jjJJ L ^a^^LlJI lLLHJ (j^jViVit : (jui^s^Lil! lLLSJ 
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( JdUd^UlgbULatji ) jflUIll glaljS JLkfiJ jnrriiTl 

aLo! LjU-Li njLal *« a Jl>-Ijj 4j9 J (-r^- ' * a j" ' < ^ = J^ >1 ^' l£-^HJ (J-llojUII Tc-uLit f-j a i all j-lC (Jji iVitl jl 

: 4_uLjJ| Cj I aia.>J I f-pJ " >\ j a- 2f 1 oJlA c-JLfl (j-a pa <ma C^a-La .}^>-_a <. i i i u JljJl^IJj 
pj_Lll (j_a L-dJLcJ Ij J~*-" fftJa-U I (jL^= I Jlj j J7~ ' *^ ^Lualj T^"" "" ' J7" O"-^ 3 '-M .j-^*-^' (<^9 . ^ 
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LjJLj-LL<aJ Jtlc 4j9Ji_) I ;j~- J^-" (<kJ Jl9 -- La ■ ■■ >l <>jufc (j2 Ij Laj ujLLaJ9 2l oJl4> 4-»-jl 
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.4-lL=3 (j g-jJo) LiJtJL 1 •Le.jJi^Zja 
'** J Laj^JI a ( 4_La^J JlJU 4_La^J 4 jjI 'j j^-»^ 4 -1^3l-ijL^3l-uI q oa ieAll $.lj^.U AJ-23 (jl 4 ^^-.-^.tl (j^aj I Jub 
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.OJ3jJU <_dJ3aJ J J 4-iTlu joJ 
.<L».jjdiLa ajjl J CjjJl>- J! i^-ijj J^ (-*Jjj*-«JLJ (J-u^sjlJI (jJ^Lul '£— ^\jIl>.\ . X 



>M 






*M 



\ \t 



JlijS,1]\i JbjjlLt iujjiSJ j$ '^J^ J* u, i 










: i^lUI dljjVl 



^Lus^l _ Y 



(frost free ) ojsj^j J-«ju i^Mi _ ^ 

4JJJJ JiJl£. _ V 



.i>.^l!i]L oJajil j^>-j jt^— ^ (^,1^. <-fljju - ^ 
.cJajJtL SJLa^Jtl l£]}L*VI J^= J'-**'* juu «<3,,-»t| 4j|j| oJ9j-s (j^stal- Y 

cJajJtl tiJj^ta - I 

3 j 1 ij^jl^i\ (j-^> »*lj-2JI J^-jl 

: a«.ljJi!l 

:Jj-LL*IiJI 

2 j 1 £m 'aij U 1 1 ^j^j 2«.lj^JI J^jl 
: 2*ljJi!l 

t^ j - tlnT d! 

cJSjjiJJ 4* j ( nitLi j£>_cjj| ajjl J J -t^* (j^aj&al . _^. 

4 j 1 (J-lSjJoJI tj-u 2«.ljJi!l Jl>-jI 
:S«.ljJi]| 

t^ j - tlnT dl 

. LlJj j^~~* * J S ' ■"■ ] I <L) I jl 2jJ I J (<UJ(J I - i- 

4Jljj" inLi (_JLLaJI aj-5j ti— ij LajJLl C^J9ji,l 4_JL>- '£— ) C^J9ji,l j-p-Lij pj > i£j pJ9j «L>-MiJI J* ni _ 

.(>i-L 



n. 






*M 



\ \t 



lA u SoJIj iJjjiU iujjiSJ^ '^J^ J*" 1 







uLubJ 


p , ,^-,tl |.\ ^ Jl <£^1 2L ,..lj, ^l"|j,i «j ,<l ...A", - , a HVIjMn ,flO , 'JJ 1 "'" U" '- l ^"" , ^' '»•< 


!s j ,d-,;",! ^"itl -1 Wl ^y, ... „ ,l«jfv ^ j«M/> . ,Xj. ,/ltNj , Xjj^-,'it| j ,^l ;.tl j ^ j ,^;^ J<^—t "1'itl 


,<lfi i 2 ,^1-i.tl 2M-i.1l !5 2 »\l ,tl , ,^ j , , L~.lt 2 ^-jtl 2 ,M* ».i<- 2tl~w. 


:4_lLc cjjJuJI pj (_£JJI iUl Miitl p-i-ul 


CjLjJslIIj (JjjLjjJI *Ja\jJ£ iC^^L>.jS,\ 


(*lj^l <-.^"| Jjfe) -I sVl (Jjlm-a 




lll^ 


^H>^ 


V 


Jj I I l^~ 1 1 


j (rt Li±JI 










.o}UjJt1 JLL^I (j^V^M t^k. SjjiiXI - 1 










^j ,,i ^"ti * m^^ ji u^- 1 ^j,-i ,^- ,"," i^- Xj, i ~.t 1 - y 










^j,,l ^"tl * U-,lj3 2 U-. , „lj 1 J <■)«" 2 , >J^' : — < Aj »| N <■!.*!< 11 - V 










* irt i^, 2 il \l <."'*J I (Jlt-x-VI ^j^,,^ ,~,"j J , i-^j" - i 


2 | ,|« . , A I g",| j| l<^_ tl £j| ~.~*>M 2 -^j > . tl '\)j' : "~"><"* U ( \J « itl) '"'1 \> rtM * i l~it ^ -r (" "tl J "-•" jjl ' ■ ~i l 




.e-SjjJtl a JlC.1 i n <j\ (Jji»-I 



u> 







^ 



^ U 



lA u SoJIj iJjjiU iujjiSJ j$ '^J^ j*ui 






£ 


tjtjjLlII *' JLLaJI /o i ill 

r Y 1 :iJjUai :c_JLkJl^j 
.lLLS-LII f>«-5=^ ^ /A* JjL»j La : u ^i % $\ Jlj»JI :4_«}L«JI 

.lLLHII pj^i^ta (j^a / ^ * * J-^LtJ La : (jr Ll^?l Ju»JI 


iUa^I 


(<1 nn"'l \n i t 






'/ \ * • 2a. i i J <\£—!\ ij) ' .-*.* i~\\ \ja\\ a\m 



d)l fc»-*-\l a 



:ujjjtil f-fSjJ 



nt 



4ju!jJ!3jb-*J! 










Autotransformers ^ulja! oV^JLI 



■ Ll>iJjJj > g->«Jl (jia^>- jl *-2j <4- SjjI jJI CjVjj>J,I JjW 



MiL^a (YV- i) J^-. if^J) £_ L*^= '(tap) »j all I ^^ ••■ *-^> j j-u-tlb j-i^i-« j<j->- (jr Li Jj.-^-^tl j^^slaj 
.220 V ojl jJLa Jio Jl^». jJc (250 V L )\ 15 V jj-a) jj^-« £>>■ J^»- ^r^ 1 Jj»T»tl u^~"ij 




JL^JI JJLkIa iLki! ^1 j J_^ta (TT-£) J^-imi 



i j^.tl .'nj jl ^^ 4 LplJJI '"tVj^t I J-^ 2^U(Yo- £)j(Y£- D^^L^auiiJI 7c_iisjj 



nr 



4ju!jJ!3jb-*J! 











4/3 cP^ J*" 



^7>ll j^aiaJ (j3lj Jja-a (V £-£) Jiii 




Jl^I ^ ^1 j J_^« (TO-i) J^-,, 8 ;, 



.(vv i) j^=uU l4 u^u .-.i^-j^ti J ^ V ,^ J ,., 4 r ^-.-,ti-.a sr.i-tti.-.Vj^ti j. 







. Jjj I <jj>J I p' : ~~ ■-»"" A_ ''""* 



Ui 



4ju!jJ!3jb->J! 










-<_<jjJlL1I (j-a i_3JuJ! 
.4_ul jJI Cj^jj^jiil ixiisLjJI CjLS^Ltll (_>^*J jj-a (J^stlll i_JLLaJI « j LaH ■ uJ (_*jjJljJI I Jufe £_ 



to^iUloljjVl 



(Avometer) <j-uLjJs Sj^-wl . Y 


(1-phase) ^,3! J J^t* -^ 


(DPST) 2n^,„£llA*. i 


(Wattmeter)pj^jlj Sj-4^1 . . V 




'ii.[jJ^\ CjLlX . 




Jl^^JL! (j^U. (^1 j J^5txi (TV-£) J^-im. 



.o}J-C.I (YV - 1) J^— ifuJu Tc-iijjs I -i^-— AJjjailJI (Jj^sjjj <£ .\ 

.lLLLl^jj 4^jjJaj-LlrHj <_sjjj,l SO -Y 

JjS ^jiLiJI Ju^>Jlj i_JjVl SjjlSJIj ^jVI jLuil ^jVl Ju^>JI oW^S J^^j (DPST) ^-bAil JiSI . Y 
(magnetizing current) 4 U;:tl j|_p ^ U«" z^ljJLlI oJLji>.( SsL^^/l CjLjJ.) Lj^JlU! Sj^l jJLI J^>JI Jj-^jj 

.(watts core loss) ejjJiJI ,jl jl2s« 

.4jjjQJI SjjI jJI (JjiJsJ ^Lll<U (_£J|jIlJI (JLc oM-C.1 ■X-us^jz I 1 ^— I Ss-Liis 21 CjLlI, (j-« 4 (J-U^s jib *J3 . £ 
jLuJIj (_^jJI!lII Jl^j>JI <4_t]j^l (Ji>.jJI SjJlS i^jVI jLuJI i^J^I Ji^J>JI jjja J^" 1 Jj-a- i n"j Ss.ljJL /<iJ3 . 



4ju!jJ!3jb-*J! 










:1 ifcwOUl 



(jjj-is jILl 1 




(2-3) J^ 






(l-j>u. 
3) 


2 














^ 


(2-3) 












Y 



120 V* *\' 

A.C. . .^ 



oljjl ( YA - £) ,J^=uiJLi cj-u^a I -i^— i^j^>-l »j-« ^jjj-ajlILi aJ9 -*\ 




120 ^ 



ji^^iJ ^ij (pli j^ (TA-£) j^=ui 

J_.l ^LU! Jl^>JIj 4_JjV! SjJl^JIj (jJjVl jLpJI t^jVl j^>JI oUip J^^j (DPST) ^-LlUI Ji^l . A 
(magnetizing current) s U;:tl j\_z ^ U»~ 2 s |j_2J| oj^a,. ( 5«.Liis^l CjLi) Aj^Jliiil lj5\ jJQ J-«^>JI Jj^=jj 

.(watts core loss) SjJl^JI ^jl jJaJ°>j 

jLllIIj ^^Lilll Jl^>JI < <4^J^I (Ji^ jJI ajJil i^j^/l jLilII i^J^I J^^.tl (j-a J^— Jjf ' ""\j »*'j-^i ^ - ^ * 

.( ^bJI JjJL>J! ^o^> U^= ) ^jiliJI 



m 






*M 



\ \t 



JlijS,'JJ\1 JUjOLil 1 'ijjjj&\j tyj£ J*-" 1 







-2 ;0^}U! 



(Jjj-ajjjl 




(JJ9 J-^>JI 

(2-3) J>u 






3) 
















1 


(2-3) 












Y 



J Jl>-jI £ (l) SJaa»>UI Ssljl^ 

Ji-Jill 2jJl3 : 

..(conductive power) aJLsjII SjJl^JI . 
.(transformed power) SJj*JLI ijj2l\ . 

£j^l S J ^ - 

(J_^>»il a*L^= - 

J J^jf i (2) ita^Mll SsljJSjj-" 

Ji-Jill 2jJl3 : 

..(conductive power) aJLsjJJ SjJl^JI . 
.(transformed power) SJpJll ijj2l\ . 
£j^ S J ^ - 

<J_^>-U fl»lrt^-> . 



UV 



4ju!jJ!3jb-*J! 









(Thermostat) uLL^j^dJl J**a>3 32j>1» t ttf£j t-u>^t 






(j a a **■ * 1 1 1 J j*- il Cil" i ii^-a^-u . T 


^Lc Jl£>- CjLLij/jjj^-u .1 


^jj^a^al . t 


4 Al"-»^ 2 j ij j ^-. Cj^Lu-sjj . V 




ijjjj JJl£. . 



o* ■ 



Line thermostat ( ^M o*»JI) lL^ji oliu^j^ 5 VjT 

.<L3-j)j_U i_U>_Sj3 (Jjt i~i" 




' la -- 1 1 djLL_ua_a^_u (1 ^ - _.) t j £ —~ i •"' 



i sjJ-U - " ' "'J.' O-ll jJI _j-~''»'3 (<i_u _---»■ j I-U-l . Y 



HA 



4ju!jJ!3jb-*J! 










'4r^=^ 



(jL>- ,JI -ijLi (^-a ) oLlx-ijj^-uJI «-lo j j-t-LtT-i pj_ . 
■dil" i »aj8)-uJl (J-___>a _).n-?j- ____> * . A 



"L^ 1 *- 



Jl ^j-^ aLLjsJJI _j-— i -i" ' 



Low voltage thermostat ^^a^UI j^»ji oliu/j^ :Lul_ 



pj_ .<L).ll__ ««.!___> I __il__«__ 4_a._ajJ.lj (j-J* - ' ""' 'I _>4^>- ' ^£hf-J' J^*- _>£■ (J- 9 * «" '."J .4-»-_ajJU_a (j-_je___l! l_a _U^_i_JI 



1 N 

110V 



110V 



r\rv^r\ 

24 V 



R 

O 


YO 

WO 




GO 



CjU—i 



JAJ1 






_Uj~ 

I ' )_1__J___1_1 






iJa--. 
I " ] IS i '1*1 " 



j^aJil ci^J- 9 J-^ 



<.!__.! all 



*j&J 









*M 



\ \t 



lauSL'UIj iJjjiU iujjiSJ^ '^J^ J*" 1 










Als^M*. 



\ v. 






*M 



\ \t 



JlijS,1]\i JbjjlLt iujjiSJ j$ '^J^ J* u, i 







Pressure Switches ImuJIq^Ui 






•ui* '"'" 7°-£*'-' La 3 4-lLJS 



(j-C p^— ■-»" 11 aj_jl.i J <^» A i aj ^i ( 4_)LJ9jU ilaJi uaJI T-LluLa (Jl nil i u 

i_3LJL)J j a> j ijif 4_L'uLii~>^ (J-ii )""< -»-l "A - 1 ^-» . u» . V-tl t-LTiAxj (Jot" ml I jl 1 aj 4 lalLaJLI p j a i aj 1 1 ■ '^^j t-» 

«Jl^1 i_l!l_<ji>j .^LlLa «_j^aILll «JJ-S ^_ (LP) (j a a at * U i-LaJi LaJI r-l "iiio (Jl ptl i nL^a iujjj ;_£2 ajjljjl (Jji i"nj 

■ Cj zl ot"i i nVI i. 1 1 ii ->■ i La » i a 1 1 7c_uLiX f"'J->' 
aj 7-l"iiU tillj (Jl ot" i nl (j^a (_p3jJiJI XSjjus AJJ-i i La » i a ) I ?-LLiLa (Jia£ ^^a-tie ■"■" Jtlc 



> V^ 






*M 



\ \t 




ia u SoJIj ^JjjiU 3iu$ji£J!j 3uu>£5 j*ui 






( £11... 



:<_iJjJj1I (j-a i_SJul| 
I j La ■ i a JalJiJj LLaJLuaJI 7c_uLLa p'J- 1 ' L7~^~ *"" 3 J-*-^' 

.:<_lUj (Jllus dai uall 7c_uLLa ^j^a f"'j->l sJ-C -^ 
(, u» . :-tl ajuj Jtlc ajjljjl (J i^-Ai) ^ylLc da-Lia ?-LLiLa . I 

(i Laj iJaJI s-Suj J-t£. 2j_iI jJI (Jo^aj) ^_piAj!c_La JaJLca **• 1 " a a . < s 

./—iLij dai-ia ?-l"iiia . _>■ 

^ILuJ^a^l .1 

•iifc*4 J^js Ld>L*? .r 

J (J-a-*-!! Cj|jIaS» 
t^^ifl /a-a-il («3 li-Lt-a JaJLLa r-Lld a J**'~*- 1 

: i La » i a, 1 1 r-Lld ^ pa-i . I 

CUt OUt (J »^sAtl jU^ (JlILa ) i La ■ iJaJI jaLiiJa. 4J1 ml 1 ul ^j^a ^^^jJlII i ~'^-—\ . 

■y-l'irtU (J I ptl 1 11V 4_uj/l_La J£>-<3 aj-Ji ^ (j_a^= . 

4 j 'j j ^— » 1 1 S^jl jJ! 1 LaJaicja /o 1 11^-1 («J9 . 

£u3j 1 > alLaJL I Jl^j>JI (_ylc I J^'^j"" (^ ' 1— ijjJLl 4-La ■ ul aj 2^_i! jJI jLuA-l Jl*j . 

.(Cvi>| S^a 4 1 j-t i"ila. yl"m<|ll . la 1 1 a, I ' da UL) j-uJuj (ai . 

.LLuliajk.^La (Jjje-uj . 



1 CjaLiLJI 4 



L 6^>- 



> vr 







*M 



\ \t 



lA u SoJIj iJjjiU iujjiSJ j$ '^J^ j*ui 






:4_tic ujjJuJI aj (_£JJI Jal mi ill /«-<-ul 



4-Uj(j^-iJI p^-i^L?l 5j-4^-l JLLacI 



(*bVlc*^3TjA)*bVl^ 



, a 1 1 n a 



i^= 



L5 



V 






j l^LLxJI 



■Cil" i ii^a^-uJl (JLLiCl (_^a-tie iaJa ( , - ;^~~'j" - T 
, u » , :-. 1 1 j>c_uLia (JLLicI (^a-tie -"-"j ( , ^^~~'j"' ~ V 



4 blJ3 jj C L^Ji jl ^ l^—tl jjLaj^/l <L>-j.} J J ; JJ^-— ' II (jj-LlII) '"'I )j all «_u^>J A-je-lllII J uaj j| uai 

.eJjjJtl a JlC.1 i ii <u (^J^>-I 



^Vf 







*M 



\ \t 



lA u SoJIj iJjjiU iujjiSJ^ '^J^ J*" 1 






£ 


tTcjjLjJI *' JLLaJI /o i ill 

r Y 1 :iJjUai :c_JLkJl^j 

.JaLaJ \ * _i (<ul2j Sjjio a) Jtjj (j== 
.lLLLlII p_j4*a <>a /A* J-iLtJ La tj^J-iVI JlJ»JI :4_a}L*JI 
ila Lalll pjji^ta (jja /M * * J-^LtJ La l^^JLcVl Ju»JI 


J^ULLJl 


f\ 1 I S" 1 1 \J / 1 






« ' — °J- l U 'U-J.- 'V 






./M * * aIJlJ J«i^-i" (jl <— oil CjIjj.aU oJlA 



CjI fc»-*-\l a 



:<_ijjJLl t-±£jl 



> V i 







Electric Wiring Diagrams ^L^^JI j^IjjJI oLUk^ 

4_ii!l ^^ (wiring diagrams) a_uj^^=JI j^IjjJIj (schematic diagrams) 4 j t*n ViAeill oLaj-^jJI 

'U-da-LLaJtrJ I CjLaj_ujJI q — " *- ■ .i_d_u^=i2jlj Jl-Jj-uJI p la * 1 «LJLi LaJla p^— ■-»" II 4 aJa-ll ^_ L_$-iJLc l-3j1_ClU 
/- ^j 4_uj^^=JI 2jj| J_JI ^_ ■ at-uiaJl I j » i a a 1 4 i i nitu ■ Jj j ^— » 1 1 *_)Lj1lJI 2— *'j^>- VI x-iisj^a 7c_u-ajjj 4-uLuJI 
.2jj| J_JL) <ilj_j>. VI lLUj (Jj-i^ajJ (3j-b 7t_iijlta 4_uj^^=JI jjIjJlJI Lai -1 LaJ»Vl )>_ujj ajjl JlJI S*Ij-J9 J j i ■<" 

t^VI £_ d)l LalaieJj <>ju4> JljI_4^ ^j— jieJj ^j^-— i >J 

ajjl jJI (JjU-ajj Lr^ 1 ^jJl^JI .Y 

LjJLu-ajJ 4_2jjJaj ajjl jjl «.ljj>-j ^j^» 'j uju Jtlc a JlC.1 i nil . Y 

sjjl jJI Cju^suO jI_ll>-I (JLc. SjJlSJI . 1 

.£-}L-aVlj 4JL^aJI CjLJLvC *.IjaI - 

Reading Schematic diagrams iAiA^^l\ ciU^jJI s*!^ 

j(Y ) _ £) J^— » ioJI ^>-lj ' ^^ _ " cjLoj^ujJI s*|jJi] (JiVI /«-p-i 

(j^-a^JI J I (JLo^iJI jj^sj <_Lij-ui J I (_^Icl (j-a 2*lj-i!l (J_4^=lJ . 

( OFF position) J-JLfullI ,»Jlc j-«-aj 4- jj^"' ^pWj-4^ 3 ^' CjUj^ujJI J^= . 

.(Jj^jJ^I i aJ a j_La^3 (j-u-flJ (J^jJU (j_u^a}lj JaLaJ jj-aj Jl>-G . 

. NC -» NO j I NO -> NC MiUa £ J^-j-ll <_>^aM3 lLU: ^bjj^D '^.'jj^' 1 jLUI J_u^j3 j-k. . 

.L$j jLp-II J^j* (*J-i lt-^*- ** I o"^-* a sj-jI-3 LlULak ,jj^~~ *" (jl t— ^>^; - 
(j-LJt-a (JJaX CjjJl^*. J_lC sjjI JlJI (j_C «.I_ij.^^=JI <_Lua-3 (jr-l^ 1 (J-**-* cp-^ (jLaVI jl p^— **■"' ?l J— i^L-Lc - 

.2jj| jJI x_a ^IjlII (jr Lc (ON) (Jjj-ajj ^-^J 4r *jLc jj^~- " 

(OFF) j-^aj 4- jj^-"' (start) 4_uj^^=J| SjjI jJI J-Lt-Jili *j_i jj-aLLc . 



> V« 



4ju!jJ!3jb-*J! 










L 
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^ 
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' — ialajl 


(JjJujJ 


r M 1 a 


Jp 










(JVT) • 


•1 I 
OL 








MM 

M 

j 
1 1 


nr 


I Mntnr 1 










1 1 
M 









J : ; *,-, i al Sjj pg^^i ;/.i 5 (T\ -f ) J ^r;, 



1V1 



4ju!jJ!3jb-*J! 













2 1 




JjjljijVl 





(ilj^x 


ClLajlLo 


lafcl . ~\\ 




AB= 


= 15 O. 


AC 


= 3 Q 


BC 


=18Q 


05 




2 O 


60 




O 4 




1 O 


lK>° 




Q 


= 2 


J\ 1 


^LjiVU 


= 4 


J! 2 


n 800 


= 5 


J! 2 


5_j1^jVU 


= 6 


J! 2 


4_jLsjVU 


= 5 


J! 4 


O^iVU 


= 6 


J\ 4 


U^NL. 


= 6 


J! 5 



illlui I 



J LLL 






(a£lj ■" ■ ij<-l 4 ;U;U-S."i »jM j ^Y*Y-f ^ (JSji 



wv 



4ju!jJ!3jb-*J! 










C (-djlAJJj R jJjJlII t S pjj5*itl CjLoLj JjJujoj (TY- £) J^— ,*:,tl 4jjj|jJ .^ 

4 S i^ U I i " 1 1 'l j ^— i I 1 li 3 1 ^— i ( J_LU3JJ Juu 3jj| jJJ . \j j ^-» 1 1 , U U -r- t I (Q-l-UJ -Y 



rL'iia SJa mljj J_4-*J (3-phase) <Lj>.jVI ^Mj l£Jj_s6/j sjj! jJ Ja_kita (TV- 1) J^ iU| 7c-^jJ 

«_a (contactors) ^LsjJI j-LljS <JH>k u-^ *J^' JL ^' J --^' a j Jjj-sjII (start - stop switch ) i-sLSjI — Jj< Aj 






n 


u 

• 


u 

>* • 


V 


u w 



JjiajJ f-laia 



i^jb 



JjSjajVl 



# ? * ? 



'j a i a 




Aa.jSfl J££ ^J=" 



<^jVi <^ Lilja-. sjjb (rr.£) j£^ 

.(TV- QJgaAll JuJjJ.^ 
■ 'Lse-Lre.Lg aJLijJ^j Cl)LJ^i==>J.I li'^l ^— i ( J t u^jj Jut.) ajjl jJJ /, Jj j *— 1 1 1 , U U -»■ 1 1 f^-ujj -Y 



WA 



4ju!jJ!3jb-*J! 







2UJ>U Ib-^Jdjjb j£d>3 t > V (**ij UJ)iDI 






.l_JL^ L 



:<_<jjJl1!I (j-a i_3J-JI 
3JJJ <LJj_Ls i>-^il<J /-Jj J 1 '-— II ' La La -»■ 1 , 1 2*ljJs 

4_lIj_Lo <L»-}1j - I 
<_sLU S*L-b! 4_J, . J 



2, J-sJtJI Oljlaa* 



.(i-JjJ-U Xlau-ulaj) ajjljjl jLiTl>-I . 
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Electronic circuit Luj^I^aJI ajjlj 
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Field 
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Force 
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Frequency 
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Full wave 
Fuse 

Gain 

Half wave 
Heater 
Heating element 



G 
H 



(^^aLai jLpol 
(j i .^-."tl ( J^aL« J a) ' mi^3 



Impedance 

Impurity 

Inductance 

Induction 

Induction motor 

Input 

Instrumentation amplifier 

Insulator 

Integrated circuit 

Intensity 

Inverting input 



AJSjLta 



4jjLui 


<GL^K3 


(jJih) ^ 


(i^tj LdjJtA 


J^ 


l^^'j-^ 3 "* 


J> 


21 fll'^-." a a j*l \ 



L^ 



^l^JiO 



.HV. 



ubUWl 



*M 



nt 



£>Sjil i-^uSD! 
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Kirchoff s law 

Light emitting diode 

Line of magnetic forces 

Line current 

Line voltage 

Load regulation 
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Magnet 
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Saturation 

Self induction 

Semiconductor 

Series connection 

Single phase 

Slip ring 

Solenoid 

Speed 

Split phase motor 

Spring 

Squirrel cage induction motor 

Star connection 

Starter 

Stator 

Summing amplifier 

Switch 

Symbol 

Synchronous motor 

Synchronous speed 
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Thermostat 

Three phase 

Thermistor 

Timer 

Torque 

Transformer 

Transistor 

Tube 
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Volt 
Voltage 
Voltage divider 
Voltage regulator 
Voltmeter 

Watt 

Wave 

Wound rotor induction motor 
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